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ABSTRACT 


This document constitutes the user's guide and software documentation 
for the Algorithm Simulation Test and Evaluation Program (ASTEP) as of 
15 May 1974. 

ASTEP is a modular computer program developed by TRW Systems for JSC 
for the purpose of testing and evaluating methods of processing remotely 
sensed mul tispectral scanner earth resources data. ASTEP is writtin in 
FORTRAN D V on the UN I VAC 1110 under the EXEC 8 operating system and may be 
operated in either a batch or interactive mode. The program currently 
contains over one hundred subroutines consisting of data classification 
and display algorithms, statistical analysis algorithms, utility support 
routines, and feature selection capability. 

The current program can accept data in LARSC1, LARSC2, ERTS, and 
Universal formats. The program can output processed image or data tapes 
in Universal format. 
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1. INTRODUCTION 


This report presents the user's guide and the software documentation 
for the Algorithm Simulation Test and Evaluation Program (ASTEP). The func- 
tion of ASTEP is to serve as a tool to perform experiments with multi spectral 
scanner data. The purpose of these experiments is to gain understanding of 
the problems associated with processing multi spectral earth resources data 
and to test and evaluate processing algorithms. The major emphasis is to 
examine the statistical properties of the data and their impact upon class- 
ification algorithms. Examples of the experiments of this type include the 
following investigations: 

a) Determining quantitatively the variation in spectral 
signatures for a given situation. 

b) Determining if there are patterns in the signature 
variations - either spectrally or spatially. 

c) Determining the statistical homogeneity of typical 
ground truth sites. 

d) Determining if the statistical assumptions required 
for maximum likelihood processing of typical areas 
are satisfied. 

e) Evaluating the performance of various clustering 
techniques. 

f) Comparing the performance of clustering and maximum 
likelihood algorithms. 

The ultimate purpose of experiments of this type is the development of new 
processing ideas and algorithms. The program is highly modular; therefore 
new processing routines may be added with minimal restructuring of the program. 

A general overview of ASTEP is presented in Section 2. Section 3 gives 
the option descriptions. For each option and suboption, this section pre- 
sents (a) its usage, (b) a test case, (c) the engineering description, 
and (d) the flow charts. Section 4 gives the subroutine purposes and depen- 
dencies. The JSC EXEC 8 system control cards required to execute ASTEP are 
listed in Section 5. Section 6 presents several complete illustrative ASTEP 
runs. Section 7 provides references for the various algorithms. 
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ASTEP is an evolving tool for the analysis of multi spectral data. This 
user's guide describes the program as it currently exists. As new capability 
is added, it is the intent to conform to the general input rules and user 
cueing methods discussed in Section 2.2. The user's guide itself is modular 
and will be updated as required. 

While ASTEP may be used in either a batch or an interactive mode, the 
inputs are designed to be convenient for the interactive mode , since the 
interactive mode is more appropriate for experimental analysis. When ASTEP 
is executed in the batch mode, inputs must be selected prior to execution 
and the user does have the benefit of the input prompters, supplied in the 
interactive mode, to aid in organizing his inputs. 
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2. ASTEP OVERVIEW 


This section presents an overview of ASTEP. Its overall structure, 
options, layout, operational status, and general input rules are discussed. 

2.1 OVERALL STRUCTURE 

ASTEP consists of two basic parts: a driver and a set of applications 

modules. The program uses a set of data files that depend upon the parti- 
cular applications modules selected by the user. The driver serves several 
functions. It is the holder of the common storage areas and transfers con- 
trol to the appropriate applications module. Section 2.3 gives a brief 
description of each of the applications modules or options in the program. 

Since the last program user's guide (User's Guide and Software Documen- 
tation for ASTEP, April 16, 1973), a number of new capabilities have been 
added to the program. A brief description of these new capabilities is 
given in Section 2.4. 

ASTEP uses a number of data files for temporary and/or permanent stor- 
age. The assignment of the physical device (tape or disc) for the files is 
handled via the operating system control cards. Figure 2.1 gives a schematic 
representation of the use of these files. For convenience, all the files 
are shown by a tape symbol in Figure 2.1. Also, not all the possible inter- 
connections and options are shown. 

In general, the major communication between various application options 
in the program is via the unit which contains the reformatted data (DATUNT), 
the unit which contains - or will contain - the corresponding image array 
(IMGUNT), and the signature files (ISIGF1 and ISIGF2). All of the classi- 
fication procedures act upon the reformatted data with the appropriate al- 
gorithm and generate the corresponding image array or map. The statistical 
modules act upon subsets of the data base defined by the appropriate charac- 
ters in the image array and generate the requested statistics. The purpose 
of the signature files is to save, for later retrieval, spectral signature 
data. 

2.2 GENERAL INPUT RULES 

Upon execution of ASTEP, the user is required to select the desired 
print control for the run from ECHO or NOECHO. Selection of ECHO will cause 
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the user's inputs to be printed out as they are read by the program. This 
print option will cause the output from batch runs to closely resemble 
the output from interactive runs. Selection of NOECHO will cause the 
user inputs to be suppressed and would normally be used in interactive 
(demand) runs where user inputs are typed in and do not need to be seen 

a second time. 

The options and suboptions of ASTEP are selected by the appropriate 
Hollerith name, for example the commands DATDEF, ADPCLU, etc. defined in 
Section 2.3. Those options which require parameter values to be specified 
have namelist inputs. The general form of the namelist input is 

NAMEXX - option name 

$INNAME - namelist name consist of first four letters of 
option name plus the prefix IN 

Upon completing the namelist reading the program will print out all of the 
numerical values in the namelist. At this point the user will have a 
choice whether to accept the values displayed or whether to change them. 

The program will require the user to input a YES if the values are to be 
accepted. Any other response will cause the program to re-read the namelist 
inputs and to repeat the cycle. 

In addition, several options require file numbers and class descriptions 
to be entered. These are entered as Hollerith characters. 

In the interactive or terminal mode when the program is waiting for an 
input, it will inform the user. A sufficient cue is given so that the user 
is made aware of the choices at that point or the parameters that need to 
be specified. These same cues are printed out in the batched mode, but in 
that case the user of course must anticipate the requests. 

2.3 OPERATIONAL STATUS 

Each of the operations or modules listed below exists within the current 
ASTEP. The program executes in both the batched and demand terminal modes. 
The program inputs and outputs for the batched and terminal executions are 
identical, with the possible exception of the ASTEP print options noted 
previously. 
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o DATA CLASSIFICATION AND DISPLAY ALGORITHMS 

Iterative Clustering (ITRCLU), An unsupervised classification procedure 
based upon an iterative clustering algorithm. Multiple passes through 
the data are required. 

Adaptive Clustering (ADPCLU) , A fast clustering algorithm which may be 
used as a starter for iterative clustering or as a separate classification/ 
data analysis procedure. 

Quantization (QUANTZ), Generates a grey scale type map via quantization 
of a single data channel. Intensity intervals are assigned unique 
characters . 

Maximum Likelihood (MAXLIK), Data classification via the maximum likeli- 
hood algorithm. 

Images (IMAGES), Displays character maps or images developed by all 
image generating options - for example iterative clustering, adaptive 
clustering, etc. A thresholding capability for display is available. 

Difference Images (DIFIMG), Differences two images - pixel by pixel - 
to produce a third image. The differencing rules or symbol equivalences 
are interactively defined by user. 

Training Field (TRNFLD), Classifies each field with a class number equal 
to the field number. The usual use of TRNFLD is to define training fields 
for signature computation to be used with maximum likelihood classifi- 
cation. 

o DATA STATISTICAL ANALYSIS 

Factor Analysis (FACTOR), Computes statistics - mean vector and covar- 
iance matrix - of data subset, cluster, or unions of clusters. Deter- 
mines eigenvalues and eigenvectors of the covariance matrix. 

Histogram (HSGRAM), Computes and displays a one, two, or three dimen- 
sional histogram of the data subset, cluster, or unions of clusters. 

Edit Signature (EDTSIG), Spectral signature - means and covariances - 
file utility routines. Allows user to save, retrieve, display, analyze, 
input, add, etc., the mean and covariance matrix data. 
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Compare (COMPAR), Compares regions in the data space occupied by various 
data subsets. 

o FEATURE SELECTION 

Feature Selection (FEATSL), Allows user to analyze the feature selec- 
tion problem. Determines best linear transformation to reduce the 
dimension of data to be processed - usually via the maximum likelihood 
option - or the best channel subset. The linear transformation may be 
applied in the TRNSFM option. Generates and displays the separability- 
to-be-gained map. 

o UTILITY OPTIONS 

Data Definition (DATDEF), Allows user to define data subset from raw 
data tape to be processed as described subsequently by user. Multiple 
fields and channel subsets may be selected (LARSC1, LARSC2, ERTS, or 
Universal format data). 

Initialize Header (INTHDR), Allows user to restart with data subset 
defined by a previous use of data definition. Data subsets which can be 
processed by the ASTEP options may be saved and then Initialize Header 
is used to restart. 

Uni ts (UNITS), Allows user to change any of the unit assignments used 
by the program. 

Copy Data (CPYDAT), Used to extract a subset of an entire packed data 
set for input to the DATDEF option. Copies a subset of the packed raw 
data tape onto a disk file on tape. This is a user convenience option 
which may be used to operate from a file rather than a tape. 

Tape Dump (DUMP), This option allows the user to print out contents of 

selected portions of packed data tapes in an integer form for interpre- 
tation by the user. 

Universal Write (UVWRIT), This option provides the capability to con- 
vert data (multispectral data or processed image data) from internal 
ASTEP format to Universal format and to write the data on tape or file. 
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Transform (TRNSFM) , Enables the user to scale, translate, and transform 
multi spectral data in ASTEP format. For example, it can be used in con- 
junction with the DATDEF and FEATSL options to reduce the original data 
channels to the "best" subset of channels or the "best" linear combina- 
tions of channels (best for maximum likelihood classification of the 
data) . 

o PROGRAM INFORMATION OPTIONS 

News (NEWS), Used to inform the user of any changes or modifications 
to the program. 

Update News (UPNEWS), This option allows the user to create or update 
information in the News file. 

2.4 NEW ASTEP CAPABILITIES ADDED SINCE PREVIOUS USER'S GUIDE 

Since the last user's guide, a number of new capabilities have been 
added to ASTEP. Some changes were made to improve the overall efficiency 
of the program and will be transparent to the user. Other changes will be 
apparent to the user. These are changes in inputs to ASTEP options and 
new options. 

Since the last user's guide, the options NEWS, UPNEWS, TRNSFM, TRNFLD, 
DUMP, and UVWRIT have been added. The DATDEF option has been modified to 
read Universal formatted tapes. The IMAGES option has been completely 
changed to include the suboptions STATUS, THRESH, SYMBOL, ALLCLS , ECHCLS, 
SUBSET, BORDER, and INSIDE. The ASTEP print options ECHO and NOECHO have 
been added. An error recovery capability has been added to prevent the 
program from terminating when errors are made in the namelist input. 
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/POSSIBLE OPTIONAL \ 
SAVING OF SPECTRAlI 
'SIGNATURE data / 
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ISJGF2 

. lo ^ 


I FEATSL | 



CODE 

OUSUNT - KAiJ OR PACKEO OBSERVATION DATA TAPE 

DATUilT - RE FORMATED DATA TAPE WHICH CURTAINS 
DULY THE USER DEFINED DATA OF 
INTEREST 

1 MOUNT - IMAGE AMD CORRESPONDING THRESHOLD 
DATA AS GENERATED BY ONE OF THE 
CLASSIFICATION ALGORITHMS 

IS IGF? * SP£CTRAL SjGMATljR£ FILES 

NEW SUN - FILE USED OY HEWS AND UPHEWS OPTIONS 

UVUiIJT - OUTPUT FILE FOR UNIVERSAL FORMAT HSS 
DATA DR IMAGE DATA 


Figure 2.1 Schematic Representation of ASTEP's 
Use of Data Files 
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3. OPTION DESCRIPTION 


This section contains an engineering description and a usage descrip- 
tion of each of the options and suboptions of ASTEP. Each of the major 
options is presented separately and is identified by its Hollerith code. 
They are presented in the following order: 


DATDEF 

ADPCLU 

COMPAR 

CPYDAT 

DIFIMG 

DUMP 

EDTSIG 

FACTOR 

FEATSL 

HSGRAM 

IMAGES 

INTHDR 

ITRCLU 

MAXLIK 

NEWS 

QUANTZ 

TRNFLD 

TRNSFM 

UNITS 

UPNEWS 

UVWRIT 

QUIT 


Data definition 

Adaptive clustering 

Compare 

Copy data 

Difference images 

Dump tape 

Edit signature 

Factor analysis 

Feature selection 

Histogram 

Images 

Initialize header 
Iterative clustering 
Maximum likelihood 
News 

Quanti ze 
Training field 
Transform 
Uni ts 

Update news 
Universal write 
Quit 


Each subsection begins with a description of the use of the option and 
a sample case. The sample cases were run in the batch mode with the ECHO 
option. Thus, the user's namelist inputs are not shown in the samples, but 
the namelist values used by the program are printed. Following each sample 
is an engineering description and flow chart of the option and any suboptions. 

y' ' 
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Any flow charts for subroutines which are common to several options are 
included in Section 4. 

Each option is called by ASTEP when its code name is input, as shown 
in the following flow chart. 
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ASTEP DRIVER FUNCTIONAL FLOW 



ASTEP 1 of 1 
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Using the DATDEF Option 


The DATDEF option performs the following five basic functions: 

1) Reads data in one of several formats 

2) Selects a subset of the data to be processed based on user inputs 

3) Optionally scales and translates the data subset 

4) Changes the data subset format to ASTEP internal format 

5) Writes the data subset on a file for ASTEP processing. 

The DATDEF option takes the raw packed data from tape or disk file, 
unpacks and processes selected portions of it, and writes these portions onto 
a tape or disk file for subsequent ASTEP options to read. DATDEF is usually 
the first option executed, but may be bypassed if the unpacked data tape is 
mounted on, or the disk file assigned to, the unit corresponding to DATUNT 
and the INTHDR option is executed. The user may determine up to 10 selected 
data portions by specifying the scan line and pixel field limits. The user 
also selects the channels from which data is to be included. 


The data may be translated and scaled using: 


y MEW A + B y old 


(1) 


where Y QLD is the raw pixel value, Yj^ the translated and scaled pixel value, 
and A and B are scalar constants. This feature is intended to facilitate the 
inversion of data whose magnitudes are inversely related to the magnitudes 
of the observation values. 


The packed observation data may be in one of four formats indicated 
by the value of ITPFMT. Table 1 provides a schematic representation of the 
data portion of each record assuming M pixels per channel and N channels in 
each record. 


Any packed data tape or file of one of the specified formats may be 
used as the source tape. It must be mounted on the physical unit correspond- 
ing to the value of OBSUNT. The particular characteristics of three specific 
tapes, i.e., record sizes, error record numbers and sizes, etc., are pre- 
stored and are available within the DATDEF option (see Table 2). The set of 
tape characteristics used is determined by the value of ITPNO input by the 
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user. If ITPNO is input with a value less than or equal to zero, the user 
must input the values of all these characteristics. If ITPNO is input equal 
to 5, the program assumes that the packed data tape input was generated by 
the CPYDAT option. The data tape characteristics and size of its data sub- 
set are printed. The user should check the scan lines of his data fields 
to be sure that they lie within the data region on tape. 

The input sequence to the DATDEF option is as follows. First the 
namelist $INDATD is input: 

$INDATD 

NFIELD - Number of data fields to be specified, a maximum of 10 
ITPFMT - Input data tape format indicator (see Table 1) 

ITPNO - Input data tape characteristic indicator, 

<_ 0 implies that all characteristics must be input 

and it is required to input values for constants 
A and B 

= 1,2, or 3 implies that one of the sets of prestored charac- 
teristics will be used, see Table 2. The input 
of values for constants A or B is optional. 

= 4 not used 

= 5 implies that the packed input data tape read was 

generated by the CPYDAT option. K(24), ITPFMT, 

A, and B are read from tape and user inputs are 
ignored. 

> 5 illegal, program stops 

K - Desired channel numbers, a maximum of 24 are permitted 
A - Translational scalar offset constant (see Table 2 for default 
values and equation (1)) 

B - Scaling constant (see Table 2 for default values and 
equation (1)) 

IDEVCE - NTRAN device error suppression flag 

= 0 implies no error suppression, default value 

t 0 implies that all NTRAN device error codes encountered 

while reading OBSUNT will be ignored. This value 
should be used if the record length of the input 
tape is not an integral multiple of computer words. 
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At this point the user may respond with YES to indicate that the printed 
input values are what is desired or NO and input the $INDATD namelist again. 

A value of 5 for ITPNO implies that the unpacked data set to be pro- 
cessed is to be read from a tape or file (designated DATUNT) which was pre- 
viously generated by the CPYDAT option. The values of the variables ITPFMT, 
NWRN, NWR1 , LEAD, MAXJ, MAXK, A, B, and the starting scan line number are 
read from the header record of this tape and override any user input values. 

The values of these quantities and the range of scan line numbers on this tape 
or file are printed to emphasize to the user that these variables now have 
new values and the size of the data region. If the user has input scan line 
designations that fall outside those on the input data region, the program 
sets the values of the scan lines to be extracted to the nearest scan line 
number that is in the data region, prints a warning message, and continues 
processing. 

It should be noted that under the present system if records are read 
from a data tape which are not an even number of 36 bit computer words long, 
a frame count error is generated. This frame count error is reflected in a 
device error code -3 being returned from the system routine NTRAN. Without 
using a different input/output system there is no way to differentiate be- 
tween a legitimate device error and a frame count error. So the user is allowed 
to suppress NTRAN device errors, by. inputting IDEVCE f 0, when it is known 
that the input data tape will cause frame count errors. However, all device 
errors on the input data tape will be ignored and the following message is 
printed to make sure the user is aware of this fact: THE USER HAS REQUESTED 

THAT ALL NTRAN DEVICE ERRORS ON UNIT nn BE SUPPRESSED, where nn is the physical 
unit number of the input data tape. 

Next the field data is required. The entire sequence of fields is input 
and then the user is asked if the values are acceptable. If the user indicates 
that the values are not acceptable, he will be asked the number of the data 
field to be changed. After inputting all of the values for that field, he is 
asked the number of the next data field to be changed. After he has changed 
all of the data fields desired, he will enter the data field number zero. 

This terminates the data reading mode. A summary of all input data for all 
fields is printed, and the user is again asked if it is acceptable. When 
several data fields are input, the default values for each field are the 
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parameter values input for the previous field. The data for each field is 
specified by the namelist $1 NFLDD whose definition follows: 

$INFLDD 

ISTART - Starting scan line number 

I INC - Number of scan lines after ISTART to be considered, equal 
to the total number of scans considered minus 1 
I SKI P - Number of scan lines to be skipped between accepted scans. 

The ISTART scan is always accepted. 

JSTART - Number of the first pixel requested from each scan 
J INC - Number of pixels after JSTART to be considered, equal to the 
total number of pixels considered minus 1. 

JSKIP - Number of pixels to be skipped between accepted pixels. The 
JSTART pixel is always accepted. 

At this point, the user is asked if the values in $INFLDD are accept- 
able. A response of NO allows the user to change any or all of the values in 
the namelist. A response of YES continues execution. 

Next, the value of ITPNO is checked. If it is less than or equal to 
zero, the characteristics of the particular input data tape mounted on unit 
DATUNT must be supplied. They are input under namelist $SPTAPE. 

$SPTAPE 

NWRN - Number of words in the valid data record 

NWR1 - Number of words in the first record 

NWER1 - Number of words in the first error record (record will be 

read and ignored 

NERR1 - Number of first error record 

NWER2 - Number of words in the second error record 

NWERR2 - Number of second error record 

NWER3 - Number of words in the third error record 

NERR3 - Number of third error record 

LEAD - Number of bits to be ignored at the beginning of each data 

record 

MAXJ - Number of pixels per channel on each scan line 

MAXK - Number of channels per pixel on each scan line 

A - Translation coefficient (see equation (1)) 

B - Scaling coefficient (see equation (1)) 
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The input is summarized by the program and the user is asked if it is 
acceptable. A response of NO will allow the user to change any or all of 
the values in $SPTAPE. A response of YES continues execution. 

This completes the required user inputs. The program then unpacks 
the MSS data and writes it in ASTEP internal format, unpacked and refor- 
matted on the data unit (DATUNT). 

This output data tape or file of unpacked and processed data is written 
using the system subroutine NTRAN and therefore under the constraints of the 
EXEC 8 operating system may not be read using any other method during the 
execution of this program. The data is processed in the sense that it may 
have been translated, scaled, or transformed from the raw form. This tape 
or file format is compatible with all other program options requiring it as 
input through the use of the RETDAT subroutine. 


Tape Header Record 


Data set record pair 
(i.e., the header 
record pi us a data 
record containing 
as many scan lines 
of data as the core 
buffer will allow) 



Fixed record length of 
846-36 bit computer words 


Data header record has 
a fixed length of 10-36 
bit words. 

Processed data record 
contains the actual pro- 
cessed data values and 
the length of this record 
is equal to the number of 
words calculated by multi- 
plying together the first 
two numbers in the data 
header record 
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The tape header record has the following contents. The first 166 words 
of this record are identical with the contents of the variables in the 
/HEADER/ common block: 

NFIELD - Number of data fields 

K(24) - Number of the data fields extracted 

ITPFMT - Input tape format indicator 

ISTARD(IO) - Starting scan line numbers for each data field 

ISKIPD(IO) - The number of scan lines skipped between successive ones 

for each field 

IINCD(IO) - One less than the total number of scan lines considered 
for each data field 

JSTARD(IO) - The starting pixel number used for each field 

JSKIPD(IO) - The number of skipped pixels between successive pixels 
for each field 

JINCD(IO) - One less than the total number of pixels per scan line 
for each field 

NRPF(IO) - Number of data record pairs per data field 

NPXPS(IO) - Number of pixels per scan for each data field 

IBUF1 

IBUF2 - These are indices of the scratch array BUF of the common 

block BUFFER calculated in such a way that there is enough 
room for the temporary storage of unpacked, processed 
data between tne start of the array and BUF(IBUFl). Also 
there must be enough room between BUF(IBUFl) and BUF(IBUF2), 
and between BUF(IBUF2) and BUF(NBUFSZ) to store at least 
one unpacked data record in each area. 

NBUFSZ - The total number of cells of scratch storage available 
in array BUF for the DATDEF option. 

ND - The total number of valid data channels. 

NRT - The total number of output data record pairs for all 

data fields. 

SPARE (25) - Extra storage for future expansion 

The remaining words of the 846 word header are a copy of the UCCT header 
described in detail in Reference 1. If the packed data input is not in 
the UCCT format these cells will be zero. 

The data header record is always ten words long. The value in the 
first word is the number of pixels in the record. The second word is the 
number of data channels. The other eight words are set to zero and left 
for future use. 
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The actual data values are stored in the second record of this pair. 
This record contains a number of processed pixel values, one per word, equal 
to the product of the first two numbers in the data header record. These 
pixel values are stored "pixelwise" , that is, the first pixel value for each 
channel followed by the second pixel value for each channel, continuing until 
the total number of required pixels is reached. 
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Table 1. Data Portion of Record Format 

ITPFMT Type 


1 

LARSl 

Pixel 

1, ,1 

2, 

,2 

3, 

,3 

, , , 

M, 

._,M 



Channel 

1,2,3, ,N 

1 ,2, 

_,N 

1,2,__ 

_,N 

» i l 

1,2, 

_,N 

2 

LARS2 

Pixel 

1,2,3, »M 

1.2, 

_,M 

1,2,__ 


• • * 

1 ,2, 

_,M 



Channel 

1, ,1 

2, 

,2 

3, 

,3 

t 1 * 

N, 

,N 

3* 

ERTS 

Pixel 

1,2, 1,2, 1, 

2, 1,2, 

3,4 

, 3,4,. 

• • • J 

M-l , 

M, M-l 

, M 



Channel 

1,1, 2,2, 3, 

3, 4,4, 

1,1 

, 2,2,. 

• * • 1 

3, 

3, 4, 

4 

4** 

UCCT 

Pi xel 

1,2,3, ,M 

1 ,2, 


1,2, 


* * m 

1 ,2, 

_,M 



Channel 

1, ,1 

2, 

_,2 

3, 

_,3 

• * * 

N, 

_,N 


* This format assumes four channels 

** The detailed description of this format can be found in section 6, 

volume II of Reference 1. While Reference 1 does describe two formats, 
one, where all pixel values are given for one channel at a time, and a 
second, where the values of each pixel are given for all channels, one 
pixel at a time, only the former type is recommended. This is the 
format implemented in ASTEP. 
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Table 2. Input Data Tape Characteristics for ITPNO Values 


Name 

Definition ITPNO Values 

1 

2 

3 

NVJRN 

Number of words in each valid 
data record 

609 

720 

* 

NWR1 

Number of words in the first, ID., 
record 

32 

178 

9 

NWER1 

Number of words in the first error 
record, the contents of the record 
are ignored 

1 

0 

139 r 

NERR1 

Number of the first error record 

8 

0 

2 

NWER2 

Number of words in the second 
error record 

0 

0 

0 

NERR2 

Number of the second error record 

0 

0 

0 

NWER3 

Number of words in the third error 
record 

0 

0 

0 

NERR3 

Number of the third error record 

0 

0 

0 

LEAD 

Number of bits to be ignored at 
the beginning of each data record 

32 

32 

0 

MAXJ 

Number of pixels per channel in 
a scan line 

N.R 

* 

N.R. 

MAXK 

Number of channels of data in each 
scan line 

12 

N.R. 

t 

A 

Translational offset constant, see 
equation (1) 

0. 

0. 

0. 

B 

Scaling constant, see equation (1) 

1. 

1. 

1. 


Computed from data in the first record 
Required to be 4 
Not required 

This is the second record and is treated as an error record 


* 

t 

N.R. - 

r 
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Table 3. Warning and Error Messages 


A NOT INPUT 

A SET TO 0 AND B SET TO 1 

'A' must be input for ITPNO <_ 0. Processing continues. 

B NOT INPUT 

A SET TO 0 AND B SET TO 1 

T, 1 must be input for ITPNO < 0. Processing continues. 

DUPLICATE CHANNEL SELECTED - ONE CHANNEL DELETED 

The user has specified one channel twice in K. The duplicate channel 
is deleted and processing continues. 

ERROR eee ON CP Y DAT TAPE 

The NT RAN error 'eee' occurred while trying to read the header record 
from the packed data input tape on unit DATUNT which was previously 
generated by the CPYDAT option. The program stops. 

ERROR eee ON UNIT ill RECORD rrrr 

NTRAN error, 'eee 1 , has occurred while trying to write record, 'rrrr', 
on DATUNT whose physical unit number is ' i i i ' . Execution is stopped. 

ERROR READING FIRST RECORD, NTRAN ERROR CODE = eeee 

An NTRAN error, 'eeee', has occurred while trying to read the first 
record of the packed data tape, OBSUNT. Execution is stopped. 

INPUT FIELD (iiii) IS GREATER THAN NFIELD (jjj) 

In attempting to correct data field input the user has supplied a field 
number, 'iiii', larger than the total number of fields, 'jjj'. The 
user is requested to input the data field number he wishes to correct 
again. 

INPUT VALUES FOR A AND B IGNORED FOR ITPNO = 5. 

This message reminds the user that when reading a packed data input tape 
generated by the CPYDAT option (i.e., implied by ITPNO = 5) the constants 

A and B input are overridden by values stored in the tape header record. 
Processing continues. 


DATDEF-10 



Table 3. Warning and Error Messages (Continued) 


ITPNO VALUE (iii) IS TOO LARGE 

The ITPNO value, 'Hi', has no meaning for values greater than 5. 

The program stops. 

NBUFSZ = nnnnnn IS TOO SMALL TO READ THE UNIVERSAL TAPE HEADER RECORD - 
ABORT RUN 

The buffer size supplied to the DATDEF option, 'nnnnnn 1 , is too small. 
This variable is set in the main program ASTEPX. The program stops. 

NO CHANNELS SELECTED 

No values of K have been input, the user is again asked for namelist 
input under $INDATD. 

NT RAN ERROR eeee ON UNIT iii PROCESSING SCAN LINE 11111 

The NT RAN error, 'eeee' , occurred while reading OBSUNT physical unit, 
'iii', scan line number '111 IT. 

NUMBER OF PIXELS FOR FIELD nnn TIMES THE NUMBER OF CHANNELS kkk IS GREATER 
THAN THE BUFFER SIZE ssssss 

The buffer is divided into three parts. The basic increment is the 
maximum number of words in a normal record, NWRN, and the total buffer 
size divided by the number of channels desired plus two. This incre- 
ment provides a buffer large enough to read a standard record. Two 
parts are used for the image and distance data or the buffered scan 
lines for each field of the raw data. The remaining part is used to 
store unpacked data by scan line. At least one scan line must be able 
to reside in the last part. If this is not possible, the above message 
is written with the size of the buffer for this data and execution is 
stopped. 

THE USER HAS REQUESTED THAT ALL NTRAN DEVICE ERRORS ON UNIT iiii BE SUPPRESSED 
When the user expects frame count errors on the packed data input tape, 
OBSUNT unit number, iiii, he can suppress these NTRAN errors, but not 
without suppressing the sensing of all device errors. The user is 
reminded of this fact by this message; processing continues. 
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Table 3. Warning and Error Messages (Continued) 

WARNING, I INC FOR FIELD fff REDUCED FROM iiiii TO jjjjj TO CONFORM TO CPYDAT 
TAPE 

When reading an input tape or file generated by the CPYDAT option the 
number, 'iiiii 1 , of the last scan line to be considered in data field 'fff 1 
was too large and was reduced to the number of the last scan line on the 
tape or file 'jjjjj'. Execution continues. 

WARNING, ISTART FOR FIELD fff INCREASED FROM iiiii TO jjjjj TO CONFORM TO 
CPYDAT TAPE 

While reading an input tape or file generated by the CPYDAT option the 
number, 'iiiii', of the first scan line to be considered in data field 'fff' 
was too small and was increased to the number of the first scan line on the 
tape or file 'jjjjj'. Execution continues. 

WARNING, ISTART FOR FIELD fff REDUCED FROM iiiii TO jjjjj TO CONFORM TO 
CPYDAT TAPE 

While reading an input tape or file generated by CPYDAT option the 
number, 'iiiii', of the first scan line plus the number of scan lines desired 
for data field 'fff' was larger than the last scan line, 'jjjjj', and the 
number of the last requested scan was reduced to the number of the last scan 
on the tape or file. 
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DATDEF OPTION 

SAMPLES OF INPUT AND CORRESPONDING OUTPUT: 


SAMPLE 1: Two fields of data are read from the standard input unit (DATUNT). 


Enter a s t e p option op type a blank 

>EM TDEF 


D « f 0 L f OPT ION 


* ] N D A T D N E I p L 0 • ItPPIAT, ITPNOf A, 0 . < * I Q E V C E 

NFIELD 2 ItPFMT I 11 P NO I A .OB |,D IDrVCE r, 

Channels selected* r u i ? 
type yes if inputs ape ok 

> Y E 5 

* IMF LOP tSTART,ls«lP.tlNC,JSTART,J5Klp,JINC 
input i field data 

Input ? FIELD data 

field I start I S K I p 1INC JSTArT JSKlP JINC 

1 10 I b 7 S 3 

2 3 0 I S 7 b I) 3 

type yes if inputs are o k 

> Y E 5 

THE 0pTj0N DATDEF R f U U I R E D . S 2 H 2 SECONDS OF CPU T I M E . 
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SAMPLE 2. The observation data is read from a file written using the CPYDAT 
option; this is specified by setting ITPNO to 5. In addition, Channel 4 is 
specified twice in K. A warning statement is printed to indicate that a dupli- 
cate channel number has been deleted. The user makes an error on the first 
field in this example and therefore indicates that these data are not correct. 
The user then enters the number of the field to be changed and the correct 
data for that field. When all the field data is correct, the user responds 
zero and YES to indicate that the data is correct. It is noted that this 
error example is shown in the batch mode, where in reality it would actually 
occur only in the interactive mode. It is shown here to familiarize the 
user with the sequence of instructions under these circumstances. 

enter a step option o® Type a blank 

>D A T f)£F 


o a t u t f option 


* I N D A T D %| F J ELD . 1TPFMT, j T p N 0 , a, 8 . K • i 0 E V C £ 

DuPLJCATr CHANNEL S E L E C T E p- 0 NE channel DELETED. 

NFTELD 3 ITPFHT l ITpNO 5 A .OS .n IDEVCE n 

channels selected, l H 0 
Type yes if inputs are ok 
> yes 

Tape generated ay cpydat q n y n i t a 

ITpr^T 1 STARTING LINE 795 Final L I N e 9 2 5 

Narn *09 NARI 2p lead 32 MAXJ 22 2 maXK 12 A ?55,p 6 - 1 . L' 

* I N F L D D J5TART , I S K I P , I INC iJSTART , J S K Ip ,JtNC 

Input i field data 
input 2 field data 
Input 3 field data 


field 

1 start 

I SK I P 

I INC 

JSTART USKIP J I N c 

1 

900 

3 S 

20 

HOp 0 5? 

2 

aoo 

0 

20 

H * 1 0 59 

3 

BOO 

0 

20 

HOD J 1 1 9 

type 

YES IF 

I N P u T S 

ARE 

OK 


> N 0 

Type N U h g E R OF FIElD to be changed. ZERO TERMINATES SCAN. 

> 1 

*INFlDD ISTaRT,ISKIP»IINC»JSTART,JSkIp.JINC 
input j fielo data 

Type NUMBER OF FIELD To BF CHANGED- ZERO TERMINATES SCAN. 
> 0 
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field 

I 5 T A 9 T 

I SK I P 

I J N C J 5 T A R T 

1 

8 0 0 

0 

2D 400 

z 

000 

0 

20 4 A 1 

3 

800 

0 

i Q 4 n o 

Type 

YES IF 

I M PUTS 

A V E ft Y 

>r eS 

th£ 

OPTION 

D A T 0 E F 

9 E nl U I R E 0 


J S K i P J I f C 

n e>9 

n 5 9 

t I 19 


1 • 3 2 9 2 SECOND*! OF CPU T I M E » 


DATDEF-1 5 



SAMPLE 3. This example shows how the user may input the specific character- 
istics of the observation data tape or file that has been mounted for this 
particular data extraction. ITPNO is set to -1 and the values are entered 
using namelist $SPTAPE. 

ENTER A5TEP OPTION 0® TyPt A aL**HC 
>D A TDE F 


D A f 0 E F 0 P T I 0 M 

as&3s«ss*sssss 

S 1 *1 0 a T D S P I E C 0 » IT*FHT. I r p» N 0 , A, 0, <« jOEVCf- 

A not | SI b J T • 

A SET TO D AMO 8 S £ T TO I. 

N F 1 F L D S I T P F M T I J T p N D - 1 A .08 l.n I 0 F V C E 0 

CHANNELS SELECTED, 1 5 11 1 2 

Type yes IF inputs a r E o < 

> Y E 5 

S 1 N P l 0 0 J 5 T A P T , I S K 1 P , I 1 N C . J S T A R T , J S < 1 P . J I - J C 

input i field data 
input 2 field pat* 

1NPJT 3 FIELD DATA 
Input h field data 


I NP JT 

S ME 

L D DATA 





f I ELD 

1ST ART 

I s< i p 

I I N C 

J 5 T A R T 

J 5 K I P 

JI NC 

i 

I n 

0 

3 V 

3 0 

0 

H9 

2 

1 1 

l 

39 

3 0 

2 

H9 

3 

1 0 

0 

39 

» l 

.0 

S9 

M 

200 

1 

29 9 

30 

0 

S 9 

5 

5DD 

1 

1 99 

50 

0 

59 


Type yes ip inputs are d < 

> Y F 5 

*SPTAPE naRN»N#r1 » n .t E R 1 * N E R R 1 »MaiPr2»'NErR2,NJI/ER3iNErR3 

LEAD»HAXJ*MAxK»A,a 

standard data record length 6 n ? 

ERROR RECORD **♦ LENGTH 
l 32 

S 6 10 

n □ 

o o 

LEAD 3 2 M A X J 2 2 2 M a X k 12 t 63.00 B -1.00 

Type yes IP INPUTS are OK 

>yes 

the option datdef required e.nssi seconds of cpu time. 
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SAMPLE 4. This is an example of data extraction from an observation tape 
written in ERTS format as indicated when ITPNO is set to 3. 


E N T E P A S T E p OPTION dp T y ° £ A BLANK 

> o a t t) e r 


D A T 0 E F 0 a T I 0 N 
sssies-ssasscs 


* I SJ D A T D NF I ELO , i T p F N T , ) T p N 0 » A, ft, <• lOEvCp 

M F I ELD 1 l T P F H T 3 ITPNO 3 a *03 1*0 I D £ V C E r 

CHANNELS SELECTED, I l 3 *• 

TYPE YES IF INPUTS a ^ E D « 

> Y E S 

*|NF(.DO tSTAPT,I5KI p ,I lNC.JSTART,jSKlp,Jt\'C 
I N P J T I FIELD DATA 

field ISTAPT IskIp I ! N c j 5 T A c? T j S K I »* J I N C 
1 1700 I a 0 |3 ri 1 (40 

Type yes if inputs ape ok 

> Y E S 

THE OPTION DATOEF PE^UI^EO ID*HV&6 SECOND'S OF CPU TIME, 
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SAMPLE 5. An example of data extraction from an observation tape written in 
Universal Computer Compatible format as indicated by ITPNO being set to 4. 


enter astep option or type; a blank 

> O A T 0 E F 


OATDEF OPTION 


S T v O A r 0 nFiELDi t T P F m T , i r P n 0 i A. « H * <» I’>EVCe 

n F l f L 0 2 l T P F M T 4 ITpNO 3 a . 0 3 l.n IDI-VCF. 0 

channels selected, i 2 3 m 

Type yes if inputs are ok 

>YE 5 

S I M F L D D ISTART, ISKIP, II NCiJSTART.JSKIp.JINC 
INPUT 1 FIELD DATA 

Input ? field data 

field 1START ISKiP IJNC J i, T A R T JS<IP JfNC 

1 5 0 9 10 5 

7 509 295 0 5 

Type yes if inputs are dk 
> ye 5 

NUMBER OF SUBFRAME STATUS PITS BEING jSEO IS 0 

UNIVERSAL HFADE* RECORD 


START 

NO OF 


byte 

BYTES 

DESCRIPTION 

i 

32 

COMPUTING SYSTEM id 

33 

20 

tape LIBRARY ID 

53 

8 

SENSOR ID 
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M 

3 

date of tape generation 00 mm 

yY * 

H i D 

73 

68 

\ 

tape sequence 10 


• 

l 


65 

1 

MISSION NUMBER 


♦ 

98 


67 

2 

SITE 


* 

E> n H 0 7 


6? 

J 

LINE 


* 

D 


70 

1 

run 


* 

a 


7 I 

2 

099 I T 


* 

B 


73 

8 

TIME OF first scan 

0 0 M M Y Y 

* 

2H B 211 

? 8 2 




H H MM s S » 


□ n 

0 

8 1 

B 

channels active 


* 



l ! 1 1 a o 3 ra n o u 3 u n n o o o d o n o r, o ; j n o t) u o ri o o o o o g q o n t) o o o d n o o d n n o o o o u n o n a n o 

99 

1 

processing FLAO 


* 

I 


90 

1 

NO. CHANNELS on this 

tape 

* 

H 


9 1 

1 

NO. OF bits /PIXEL 


* 

8 


92 

2 

FIRST VIDEO PIXEL - 

I T H I m SCAN 

* 

0 


98 

2 

FIRST CAl* E L E M F N T 

*■ I T H 1 N SCAN 

* 

a 


96 

2 

no. p j a Els /sc an /channel 

• 

3 00 


9 B 

2 

NO. CALIS'/SCAN/CHA 

s ! K ' E L < A R E A 

1 1 • 

n 


lOP 

2 

physical peCOrl) s 1 7 E in bytes 

» 

3 0 6 0 


1 0? 

1 

NO. CM«NN ELS/PHYSICAL » p C 0 R D 

• 

n 


1 03 

1 

rt m y s . 9Ec3pOS/scam /channel 

* 

D 


l 08 

1 

NO. RECORDS T >0 a DATA Sfc.T 

ft 

1 


105 

2 

ANCILLARY PA To LENGTH In BYTEs 

» 

3 l & 


107 

1 

data ORDER I N D I c A T 0 

R 

ft 

0 


1 OB 

2 

START PIXEL '.'UMBER 


• 

2 5 00 


1 1 0 

2 

STOP PIXEL NUMBER 


• 

2799 


1 1 2 

5 1 2 

C0EFFS»ExP5* ao-eo- 

a I -E 1 

* 




a o d a 

o p n a 

□ o o □ 

0 a o o 

628 6 8 COLOR cope: 0*r!A,|«R,2«<3,3»fi * 

a 

0 

0 

0 

6 8 8 *> 8 SCALE fact C- >* * 

n 

0 

0 

n 


752 

i 

OFFSET 

CONSTANT 

ft 

0 

75 3 

1 

‘'• 3 RD SIZE OF GENERATING COMPUTER 

ft 

8 

1779 

1 

u_ 

o 

o 

DATA SETS/PhYSICal RECORD 

ft 

1 

1779 

2 

START 

OF second calib* area 

ft 

0 

1 7 B 1 

2 

NO. CAL* E L E * IN SECONp CAl» area 

ft 

0 

1793 

l 

FIRST 

CAl. SOijRCE INDICATOR 

ft 

0 

1783 

1 

SECOND 

CAL. SOURCE INDICATOR 

ft 

0 
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I 7 ft *4 
1 7*5 
1 7«7 

1 7P 9 
17»1 
2750 
2703 
270 3 
27 05 
279*. 
2797 

2 7 9 8 

27 09 

2pnn 
oooD-tcn 
2 s n b 

2878 

28 75 
2 b 7 #. 

2 fi 7 7 
2 8 7 B 

2 B 8 ? 
2885 
28PM 


1 FILL 7ER0S * 

2 NO. CHANNELS IN first BeCObD • 

2 8 Y TeS/SC A N /CH ANMEL • 

2 P I XFL SK 1 P FACTOR * 

2 SCAn SKIP factor • 

1 N THOUSAND SCAM LINES PfP FOAmE * 

3 ALTITUDE IN METFRS * 

2 GROUND SPEED in MFTEPS P E R S E C 0 w D * 

1 SCAN TYPE -LINEAR or SvoOThED * 

I ANGLE OF ARC IN OF 6 REES • 

1 CAMERA D ~ 7 0 mm, 1 s 5 INCH * 

1 INPUT QEvD*9TRK. 1 * H D T * 

] TPOnCaTIDn P * L 0 , 1«HI, 2 * n 0 • 

S CHANNELS REQUESTED- * 

'Yon'TDPOOLioonDDoaooooDooonDPDoonnonnnDriDnoao 
I PROCESSING NO-dE 0* SER . l-c^NC. * 

l COLOR 0 * N 0 C0 l0R*I b ASSIgN,2 = EAL5E * 

1 IMAGE FORMAT * 

1 REPEATOFPIXFLSPERSCaN * 

1 REPEAT of scan « 

r partial scan - from pixel no. * 

- TO P I XRL SJD* • 

2 SC*n RATE IN SCAN 5 PER SECOND * 

2 ANGLE OF DRIFT * 

1 PKEL SIZE * 


nooQnnnn 

8 

3 DO 

257 

268 

0 

0 

n 

n 

0 

n 

0 

0 


0 n 0 0 ■ DDOponDnO 
0 
n 
0 
0 
0 
0 
0 
0 

,000 

0 


S N U H 0 E R 
K 9 I T 

2 



+ 8 

LFP y 

C 




NPV 

C 



+ 300 

NC 

2 



+ H 

LAOS 

m 



+ 3 16 

N S P R 

s 



+ 1 

NRPS 

s 



+ 1 

NCF9 

3 



+ M 

NcpR 

3 



+ 0 

*IRPC 

m 



+ 0 

SEND 
AR I Tr 

280 

.v 0 R D S 

0 N 

UNIT M 

AR I T E 

280 

.V 0 R D S 

On 

UNIT H 


The option DATOEF REQUIRED 3.2392 SECONDS OF CPU TIME, 
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DATDEF ENGINEERING DESCRIPTION 

DATDEF does not require an engineering description - see functional 
flow diagram. 
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PATDEf 


SEE THE TEXT AND 
SUBROUTINE OATDEF 
■CO’ COPWENTS FOR 
A COMPLETE LIST OF 
THE INPUT VARIABLES 


USER CUE AND READ 
GENERAL DATA EXTAAC 
TION INPUT 


PRINT USER CUE 



READ SINDATO 
NAMELIST 

PRINT CUE FOR 
POSSIBLE INPUT 

acceptance 



DATA FOR 
ANOTHER FIELD 
.BE CORRECTED 

X ? y 


WRITE \ 
TAPE HEADER 1 
RECORD ON J 
L OATUNT j 


' SHOULD ^ 
SPECIAL RAW 
DATA SET 

.CHARACTERISTICS. 
\BE INPUT / 
\ ? / 



/READ AND STOREX 
r CPYDAT TAPE | 
HEADER j 
\ INFORMATION ) 
\FROM OBSUNT / 


USER CUE AND READ 
RAW DATA 
CHARACTERISTICS 

1. PRINT USER CUE 

2. READ SSPTAPE 
NAMELIST 

3. CUE USER FOR 
POSSIBLE INPUT 
ACCEPTANCE 



/ REWIND > 
i RAW DATA TAPE, 
READ HEADER 
. RECORD, AND 
\ REWIND j 
\ AGAIN / 


DATBEF 1 Of 2 
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Using the ADPCLU Option 


Upon entering ADPCLU the user must define values for the parameters 

C = threshold used in merging of clusters, units of the 
data 

S = threshold used in grouping the data into strips, 
units of the data 

RP = first threshold used in the priority search for 
assigning a strip to a cluster mean, units of the 
data 

R1 ,R2 = second thresholds, 1st and 2nd data passes respectively, 

used in the priority search for assigning a strip to a 
cluster mean or to the unassigned category, units of the data 

NVMMAX = maximum number of clusters to be allowed ( <20 ) 

NPT = frequency for updating cluster priority list 

NET = frequency for performing small cluster elimination 

tests 

NMT = frequency for performing cluster merger tests 

NMIN = population threshold for eliminating small 

clusters. The values of NET and NVMMAX should be considered 
in setting the value of NMIN. 

IP = print control flag, if =0 no print during 

clustering process, if f 0 print merger and 
elimination messages. 

The default values for these parameters are 

C = 16. 

S = 1. 

RP = 8. 

R1 = 18. 

R2 = 24. 

NVMMAX = 20 

NPT = 100 

NET = 500 

NMT = 100 

NMIN = 1 

IP = 0 
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The user then must define the cluster mean and weights initialization 
procedure. The options are 

ZERO - all values 0, this has the effect of forcing the first 
cluster mean to be 0 which causes the first data vector 
to start a cluster in slot number two. 

OLD - use means and weights from last previous clustering 
(either ADPCLU or ITRCLU) results. For example, if 
one exits ADPCLU, calls IMAGES and then reenters 
ADPCLU, the previous means and weights remain available. 

One may continue to sequence through the clustering 
options and image display with the previous results 
available to restart via OLD. 

NEW - allows user to input starting values or to change any 
of the current values. The parameters are 

NVM = number of clusters 

NVG = weight for each cluster 

VM = cluster means, one-dimensional array 
of number of channels x NVM values 
representing a matrix of mean vectors 
input by columns. 

Upon completion of the clustering a run summary id displayed, this 
output is a description of the clusters formed. It lists the cluster number, 
assigns a symbol to those points in the cluster, describes the size, gives 
the statistics (mean and sigma) of the points from the cluster center, and 
gives the LI distances between the vector used as a center to form the 
cluster and the mean vector of the resulting cluster. 

The user then must select one of the suboptions, MEANS, SIGMAS, ANGDIS, 
or QUIT. MEANS, SIGMAS, and ANGDIS are for output only and require no in- 
put parameters. QUIT returns control to ASTEP. 

The MEANS suboption displays an m x n array where m is the number of 
data channels and n is the number of clusters. The columns are the mean 
vectors for the clusters formed during the 2nd pass. 

The SIGMAS suboption displays an m x n array of the individual sigmas 
for each channel and cluster. The columns are the channel sigmas for the 
clusters formed. These are based upon the second pass assignments. 
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The output of the ANGDIS suboption is an n x n array. The diagonal of 
this array will be zero. Angles (in degrees) between a pair of mean vectors 
are given above the diagonal. The distances (given in channel units) between 
the vectors are given below the diagonal. An LI distance measure is used. 

The algorithm uses the first cluster (symbol A) in a special way. It 
always contains the unassigned cluster which consists of all points which 
could not be assigned to any other cluster. Depending upon the use of the 
OLD and NEW initialization procedures the first cluster may also represent 
a valid cluster, i.e., if OLD or NEW resulted in a non-zero mean vector for 
the first cluster. In this case the first cluster will contain both the un- 
assigned points and the points resulting from the starting mean. In general, 
this situation should be avoided but it causes no real problems as 1) the 
mean vector is not computed or updated for the unassigned points and ii) the 
thresholding in IMAGES will always delete the unassigned points. 
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ADPCLU OPTION 

SAMPLE INPUT AND CORRESPONDING OUTPUT: 


ENTER ASTEp OPTION OP TYPE A BLANK 

-rtirpctw 


adpclu Option 


* 1 NAOPC 
~*TN-R"DPt 

C » 

C»5»Rp»Rl *R2 »NvmMAx»NpTiNEt. 

NMT.NMIN, Ip 


• 1 8000000E+n2 



w 

RP • 

R 1 ■ 

•ZouOOOuOc+nl 
• 15000000E*o2 
•30000000E*n2 



PI • 

N VMM A X » 

• 3 OOO 0900 E * 0 2 
♦ 20 



MPT r 

NET ■ 

♦100' - 
♦500 



NMT ■ 

N M I N ■ 

♦ lotr 

45 



I P « 

♦ I “ 



SEND 

TYPE YES 

IF INPUTS OK 



> YES 

CHOOSE VALUES FOR INITIALIZATION FROM 


' 

itKU ULU 

>H£tt 




* I N I N I T 
NVM ■ 6 

VM.NvG.NvM 

NVG ■ 111 

1 1 1 



means R by £ ' ■ 

1 2 3 

R 5 

6 

1 95, 

1 1 

655 7 R , 7 3 7 B8.R88 S3 

.586 7 9 , 98g 

ivn * i 

8R,q[6 


■2 12 6 , 0 3 #^ 8 2, 8 2 6 *R , R9 t 8S, 9 0 9 | 1Z, 1 jl ~ 

3 125,379 56,037 7R.RR6 61 * 162 96,903 107, m3 

■H -9-0,-f3& 1 10.2 5 1 9n ,3R 9 8~r .3 9 s 7R ,79 5 95, 9 21 — 


~ TTP-E' t E S i p I NP UTS ape c or r ect* 

> YES 

ettrSTEP 5 wEl GH7- 7 ~ -Ctrl w I N A T E D JFT ~ ■ ~ S0 0 NV N « 6 

CLUSTER 5 WEIGHT 1 ELIMINATED. JPT . 5 OO NVM . 5 

CLllSTE-R 5 wE I GHT 2 — Cx. I M I N A T ETJ « — JPT — w — “1 000 THEM - 9 -~ 

CLUSTER 6 w EighT 3 ELIMINATED. JPT * 1000 NVM ■ 7 

CLUSTER 6 »E 1 IHT -§ El 1 M I MATEO V JPT — w tOOB NVM -m S 

CLUSTER 7 WEIGHT l ELIMINATED. JPT • 1500 N V M ■ 9 
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et xrtTt* sue -* w*an » sigh* oirr 


• * 28 19.19 5,71 22, S8 

2 ‘B 999 — TO . 1 8 - S,T8 ,10 

3 C 826 8.02 9,95 ,29 

~ T, 5 ' «r«'*r ro7T2 "5“, *16" 72TF 

5 E 1 5 3 9,2*1 *1,33 ,82 

fi " T 99 13*24 9,S6~ T,29 

7 G 82 0,18 3,29 ,39 


r Mtrost-'OTT ttro T9o*i— — 

MEANS SIGMAS ANGDIS QUIT 
>ne ANS — - 


MEANS 9 BY 7 

I — - 2 3- 9 S 6 

' 1 8 t ,S 02 — 7-9*493 8^*52 J 8^.862 79,928 83 , 3^2 

2 119,759 82,811 99,5l9 85.976 lon,22 2 110,772 

3 - Tt7*?9 1 56 .U39 T*t , *hr 8 6t»2*Z 99-, 989 - 1 OTvf |" 8 — 

8 86,101 109,757 80.927 8 1 , 1 38 7 7 . *4 7 j 89.898 


t - 7 9,8 17 - - 

2 92.878 

“* 3 9 0V037 --- 

9 68.976 



MEANS SIGMAS ANGDIS QUIT 

— AS — 


SIGMAS 9 BY 7 

~ ® ~~ 3 9 — 5 — $ 


_._1 2^. ?38 hr**9 2r&9fl- 3,345 J , 74-*. 

2 30,033 1.935 1.95i 2*118 2.96j 

3 29, 9-63 1 *9-07 2 ~i 75 6 2 » 449 3,467 

8 21,207 7,89q 3,502 5.733 3,929 

1 rrBTT 

2 2.93) 

~ 3 — - 3,1 25 - . 

9 3.190 


2 * 9 74 

9.397 
- -5.524- 

3.695 
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fHoOsC option prom 

Rim ^ t fiH A S 

>An6D I S 

AN&©lSr- 

1 2 


7~ frY 7 
3 


I 

~Z~ 

3 

-H- 


.000 

. » n r_ 

I fU I 9 3 S 

8o,8q7 

97*195 

87,589 


20 



1 86 

. O T TO — 

73.235 

98,368 
t |"2vfr87 — 
90,861 


11.016 
~ "i3r3tr0 
.000 
i?7 ,078- 
82.319 

58,-85* 

37,915 


18.333 
itrrHrs- 
3.&05 
— vtmr 
60.079 
"TSt1"9'2 


3,336 


8.306 

rti767 

,000 

25.897 


2.887 

8.728 
t7.TJ73 
1.18 9 
* 000 
55,172 


- 1 5 . 2*1 - — - 

2 18.896 

3 7 - - - — - - 

8 11.008 

- 5 — 2,39-0 

6 3.377 

-7- - --r0M ~ - 

- rwn O ^ E -y-ROM — - • - — - 

means sigmas angdis quit 

— > 9UlT 

The OPTION ADPCLU REQUIRED 3.7908 SECONDS OF CPU TIME. 
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ADPCLU ENGINEERING DESCRIPTION 


The adaptive clustering algorithm, ADPCLU, adaptively forms the cluster 
means with one pass through the data. A second pass through the data is used 
to generate the classification map. The adaptive mean computation employs 
local cluster or strip formulation, sequential search for strip assignment, 
periodic merging of similar clusters, and deletion of small clusters. The 
second pass through the data employs the strip formulation and sequential 
search through the clusters. Tests are made to determine when it is time to 
update the priority ranking of clusters, to merge clusters, and to delete 
clusters. The frequencies for performing these operations are input as sys- 
tem parameters. The tests for performing these operations are exercised only 
after the formation of a data strip has been completed. The details of these 
features are discussed below. 

Strip Formulation.- If 

V.(i) = the ith component of the jth vector to be assigned 

J 

S = strip refinement parameter 

then, the local group or strip is defined by the vectors V. +& , a = 0, 1,...,L, 
where L is the last a for which 

IV 11 - v jn (1) l s s 

is valid for all i. After generating the local subgroup, its mean and weight 
are computed. 

Sequential Search .- If 

RP ) Strip assignment threshold parameters 

R t 

The sequential search computes the LI distance between the mean of the local 
subgroup and each of the cluster means. The search terminates whenever this 
distance is less than RP. The order of searching the cluster means is in the 
order of their populations. Three outcomes are possible: 

1. The subgroup is assigned to the first cluster for which the 
distance is less than RP. 
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2. The subgroup is assigned to the nearest cluster when the 
distance to the nearest cluster is greater than RP but 
less than R. 

3. The subgroup is used to begin a new cluster; that is, the 
distance to the nearest cluster is greater than R. 

The value of R=R1 for the first pass through the data and R=R2 for the 
second pass through the data. 

After assignment of the strip - cases 1 and 2 - the mean and population 
countare updated. 

An update to the ranking of the populations of the clusters occurs after 
NPT (system parameter) points have been clustered or after a merging or elim- 
ination of clusters has been performed. The counter NPC is then reset to 
zero and the clusters are not ranked again until NPC * NPT or until after 
another cluster merging or elimination operation has been performed. 

Cluster Merging . - 

The cluster merging process operates by computing the LI distance between the 
nearest pair of cluster means. If this distance is less than or equal to a 
threshold C, then the two means are averaged into one. The nearest distance 
between clusters is recomputed, and the merging process continues until all 
the clusters are separated by C or more. The merging operation is performed 
when the counter NMC of the number of clustered points since the last merger 
exceeds the threshold NMT (system parameter). After a merger, the counter 
NMC is reset to zero. 

Deleti ng Clusters .- 

The test for deleting clusters is made when the counter NEC exceeds the 
threshold NET (system parameter). NEC is the number of clustered points 
since the last deletion process. All clusters with less than NMIN points 
(system parameter) are deleted, and the counter NEC is reset to zero. 

During the second pass for each pixel or strip of pixels, a distance for 
the image display is generated. This distance is the LI distance from the 
mean of the strip to the cluster mean it is assigned to. All unassigned pixel 
are given a distance of 1 . x 10 . Later, in the images option, the distance 

values are compared to an input threshold and all pixels whose distance ex- 
ceeds the threshold value are not displayed. 
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The ANGDIS option computes and displays the angles and LI distances 
between all pairs of mean vectors resulting from clustering the data. 
Define 


M. = mean vector of i ^ cluster 

m^(k) = k-th component of the i mean vector 



then the matrix D = [dij] is displayed. 

The adaptive clustering algorithm is based upon the approach in 
Reference 2 and incorporates some of the ideas in Reference 3 to save 
computation time. 
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V - VECTORS TO B[ CLUSTERED 
W - INITIAL CLUSTER MEANS 
NO * DIMENSION OF VECTORS 
NV * NUMBER OF VECTORS IN V 
NYM - NUMBER OF VECTORS IN VM 
NVMHM - MAXIMUM NUMBER OF VECTORS ALLOWED IN VM 
HVG .RIGHTS FOR CLUSTERS, I-TH VALUE JS NUMBER OF 
POINTS IN I-TH CLUSTER 

C,S,RP,R - CLUSTERING DISTANCE MEASURES FOR MERGERS, 
STRIP GENERATION, PRIORITY 5EARCH, AND 
THRESHOLD FOR HEM CLUSTERS RESPECTIVELY 
NPC.NPT - COUNTER AND THRESHOLD FOR UPDATES TO PRIORITY 
LIST 

PL 1ST - PRIORITY LIST 

NEC.NET - COUNTER AND THRESHOLD FOR SNAIL CLUSTER 
ELIMINATION TESTS 

NNfN - ELIMINATION THRESHOLD, NUMBER OF POINTS 
NNC.NMT - COUNTER AND THRESHOLD FOR MERGER TESTS 
IPASS - PASS NUMBER OR ROUTING FLAG 
IP - PRINT FLAG, .EQ. 0 P/D PRINT. .HE. 0 PRINT MERGERS 
AND ELIMINATION MESSAGES 

JPTP - NUMBER OF POINTS PROCESSED PRIOR TO THIS ENTRY 



SEARCH PRIORITY LIST FOR FIRST 
CUSTER MJTHIN HP OF VS, AND/OR 
NEAREST CLUSTER WHICHEVER OCCURS 
FIRST (RMIN IS DISTANCE AND J| 

IS INDEX} 

RMIN»1 . £>3fi 
DO AO l-KNYH 
L " PL I ST [ I J 

D-a. 

DO 36 1-1. HO 

36 0 -D+AB 5 (VK(J,L|-VS{j)} 
IF(D.GT,AMJN1 CO TO 4D 
RMIN-D 
Jl-L 

I F(RMIN.LT.RP) GO TO 42 
AO CONTINUE 
42 CONTINUE 


NHC-NMONS 


ASSIGN TO J1, MODIFY 
MEAN VECTOR AND WEIGHT 

— r~^ 


CALL MODIFY 


'\' R 

_/T\ 

\' 2 


1 


ASSIGN 

TO J1 

1 . FOR J-JSC.JPT 

IMG C J J - UT 
TD(S{J}*flMIN 

2. NV&fJl ) - NVG ( J T }+NS 






BEGIN NEW CLUSTER IK SLOT 
J1 , SET NPC FOR PL1ST UPDATE 


1 . FOR 1 - 1 , WJ srr 

VM{r,Ji)»vs{[) 


2. NYG(JI) • 
2. NPC-NPT 


DETERMINE if 

AflS(V(J*JSC)-V(J ,JPT})-sS 
FOR EACH J 


1. SET J1 « THE I 
WHICH YIELDS 
min{nvg<i)) 

2. IF IPFO WRITE 
DUT MESSAGE TO 
USER 
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Using the COMPAR Option 


In order to use the COMPAR option, the two signatures to be compared 
must be available in the currently assigned signature files. 

The suboptions available are: 

REFSIG - used to read the reference signature from a file 
and compute its eigenvectors. The signature name 
and file number are required inputs. 

TSTSIG - used to read the test signature from a file and 
compute its eigenvectors. The signature name 
and file number are required inputs. 

PROJEC - used to compute and print the projection data. 

The namelist input INPROJ is required and con- 
sists of the following variables: 

NRV = the dimension of the subspace to be formed 
from the reference eigenvectors. 

IRV = the index numbers of the reference eigen- 
vectors to be used to form the subspace. 

The eigenvectors are ordered so that the 
first corresponds to the largest eigenvalue 
and the others follow in descending order. 

QUIT - used to return control to the driver so that another 
ASTEP option may be selected. 
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COMPAR OPTION 

SAMPLE INPUT AND CORRESPONDING OUTPUT 


enter astep OPTION op type a blank 

> eowp** 


compar option 

— «*Yn*(nratTi 


SELECT FROM REFSlG* TSTSIG* PROjEc* quit, 

>*EFS I & — - - 

REFSIG HAS been 5ELECTED. 


INPUT NAME TO SEARCH ON 

P5-IGAB • - - — 

— - ^ R&OSE -F ItE— FROM ^ -2 -- 

>1 


SI GAB NO* H K ■ 1 6 912 

NtHH 1 > •« R 6 T 


SELECT FROM REFSlGi TSTSIGi PROjEc* QUIT. 

>T9TSI6 — 

T STS I G HAS BEEN SELECTED. 


INpuT NAmE TO SEARCH ON 

>snr* — — 


i — 2 


SIGA NO ■ H K * 1 6 9 12 

NUM( I T — ■ 29 
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STLEcT FR oh REr 5 Ui TSTSfC* PROjEci QUIT. 
yP+QjZt - - 

projec has er^N selected* 

SFNPROJ NRV I R v 
* 1 NPROJ 


NR y 

.. m ... 

♦ i — 

— 


' 




I RV 

a 

♦ 1 » 


♦0 , 

*n * 


♦0 , 


- 

- ♦*-, — - 

-- 


♦rn •• - 

— 

— +0. 



♦ 0» 


♦0, 



♦0 



♦ Oj 



♦ nr ' 

- 




>0. 


♦0 • 

♦ n 1 


♦0 



♦ 0, 


♦0, 

♦ Hi 


*0 


_. . 

TypC yCS IF INpuTS APE COeREcT* 
>Y€S 

REFERENCE sigab And test s i <3 a 


COMPON I BY 5 

1 2 3 *4 & 

] ,868 ~.4nt) * 2 Cl 7 -.208 l,OOn 

SIZES 2 BY 5 

I 2 3 *♦ S 

Y - *86« .MOO'* 1 " .207 -• - n-2Tt« " ~ t'« O^TI *-••*-— 

2 .4^6 ,9l7 #970 *976 ,027 

angles I BY S 

t 2 3 H - $ 

1 - ***^30 <rVr4R> ■ 7^-»&33 - 1,S7? 


SELECT FROM REFSlGt TSTSlGi PROjEr* QUIT. 

miT - " — " - - ■ • - 

QUIT HAS BEEN SELECTED. 

The option e&MPAR requires ,2*»r* seconds of cpu~ t f *rr 
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COMPAR ENGINEERING DESCRIPTION 


If the statistical variations between fields of the same crop are to be 
explained by the mixture theory, then data from all of the fields must lie 
in the same subspace. In general, the eigenvectors corresponding to the 
significant eigenvalues for all fields of the same type should lie in the 
same subspace. 

The eigenvectors from two covariance matrices can be compared by writ- 
ing the second set as linear combinations of the first set. Precisely, 


where 


m 

f i = £ b-i e 1 
1 j=l 1J J 


f i - the ith[ eigenvector from the second covariance matrix 
e. = the jth^ ei gen vector from the first covariance matrix 

J 

b^.= the component of f^ along e^ and is given by f^ T e^ 


The eigenvectors are assumed to be ordered according to the sizes of the 
corresponding eigenvalues, with the largest first and the smallest last. 

If the first q eigenvectors from the first covariance matrix are chosen 
to form a subspace, then 


q m 

f. = z b. . e. + z b. . e. 
j=l 1J J j=q+l 1J J 


where the first term is the part of f • that lies inside the subspace and the 
second term is the part of f. that lies outside the subspace. If exactly q 
of the f.j vectors lie totally inside the subspace, then they also span that 
subspace. 

In actual practice, none of the f.. vectors will lie exactly in the sub- 
space. A measure of how well each vector lies in the subspace can be obtained 
by computing the magnitudes of the components inside and outside the subspace. 
For each f. the magnitude of the component inside is 
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and the magnitude of the component outside is 


^ f i ^out 


m 


j=q+i 


1/2 


= [1 


(f. )■ 2 ] 1/2 
' i 'in J 


In order to visualize the closeness of a vector to a subspace the out- 
of-space angle a. can be computed from 


a. = tan 


-1 


<V 


out 


This angle will be zero for a vector totally in the subspace and 90 degrees 
for a vector totally out of the subspace. 
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COMPAR 


PRO J EC 



SHEET 1 OF 1 
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Using the CPYDAT Option 


The CPYDAT option is used to copy a portion of the packed observation 
data tape (or file) onto another tape (or file). Subsequent execution of 
DATDEF using the new tape or file may take significantly less computer time 
because the tape (or file) is much shorter. Also, if access to tape drives 
is limited, CPYDAT may be used to copy a portion of the data tape onto a 
file which may be easier to access. The original data is stored on OBSUNT 
and the copied file is on 0BS1. Since this option uses the same system of 
subprograms as does the DATDEF option, duplicate definitions and explana- 
tions will be avoided by referencing parts of the description of that option 
where appropriate. 

After selecting CPYDAT, the user is asked to input ITPFMT, ITPNO, ISTART, 
and I INC under the namelist $INCPYD. ITPFMT and ITPNO are explained com- 
pletely under DATDEF option. Briefly, ITPFMT indicates the pixel -channel 
format of the data tape while ITPNO specifies particulars of the specific 
tape (error records, record size, etc.). If ITPNO is five, the data tape 
was generated under a previous execution of CPYDAT. If ITPNO is less than 
zero, the particulars of the tape may be input under namelist name $SPTAPE; 
see DATDEF for more information. 

ISTART is the first scan line to be copied and IINC+1 is the number of 
scan lines to be copied. 

The user must use the UNITS option to change the OBSUNT to the 0BS1 unit 
before the new CPYDAT tape may be used by DATDEF on the same run. The user 
always references the same scan line numbers and the original tape for =* 

CPYDAT tape. 

The CPYDAT option is intended to be used with packed data in the LARS I , 
LARSII, or ERTS format. The same function can be accomplished with more 
flexibility for data in the UCCT format by using the UVWRIT option. 

Most of the messages which can be generated during the execution of 
the CPYDAT option can also be generated during an execution of the DATDEF 
option, but some messages are exclusive to the CPYDAT option. These messages 
and their meanings follow: 
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BUFFER NOT LARGE ENOUGH FOR CPYDAT , NO TAPE WRITTEN 

The size of the internal scratch array BUF, NBUFSZ, is not large 
enough to accomodate one record from the input tape in each half 
of the array. There is probably an error in the value of NBUFSZ, 
an incorrect unit assignment has been made for OBSUNT, the wrong 
tape has been mounted, or a hardware I/O or positioning error has 
occurred. The program stops. 

THE CPYDAT OPTION CAN NOT READ DATA IN UNIVERSAL FORMAT - RETURN TO 
MAIN PROGRAM 

The capability to read a UCCT with the CPYDAT option has not yet been 
implemented. Execution is returned to the main program where the 
DATDEF option, which has this capability, may be executed. 
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CPYDAT OPTION 

SAMPLE INPUT AND CORRESPONDING OUTPUT: 


ENTER ASTEP OPTION OR type a blank 
>CPYQAT 


cpydat OPTION 


SlNCprO A* 8. ITpFmT, ITPNOI ISTART. 1 I Nc 
A B ITPFNT ITPNO IsTART IJnC 

25S.0 -1.0 1 1 795 30 

Type yes if inputs are ok 
> Y E S 

THE OPTION CPYDAT REQUIRED 7.2772 SECONDS OF CPU TIME. 
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CPYDAT ENGINEERING DESCRIPTION 


CPYDAT does not require an engineering description - see functional 
flow diagram. 
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CPVDAT 
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Format of the Packed Data Tape, or File Generated 
by the CPYDAT Option 

When this tape or file is generated by the CPYDAT option using the sys- 
tem subroutine NT RAN each data record is copied exactly without any change 
in format; however a special header record is written which contains infor- 
mation required to process the data. The header record contains 20 words. 
The variables stored in each word are given below (please refer to previous- 
ly given definitions of the variables involved): 

Word Number Variable Name or Value 

1 = ITPFMT 

2 = I START 

3 = I INC 

4 = NWRN 

5 = 20 

6 = LEAD 

7 = MAXJ 

8 = MAXK 

9 A 

10 B 

11-20 are presently unused. 

This header record is the first record in the file. The original 
header record on the data tape is not copied into the file by CPYDAT. 
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Using the DIFIMG Option 


The DIFIMG option allows the user to compute an image of the differences 
between the images on units IMG! and IMG2 and store this image on unit IMGUNT. 
Upon selection of the DIFIMG option, the user is required to input the equi- 
valence list of class symbols. In the equivalence list the user specifies 
which class symbols are to be defined as equal or equivalent in the two input 
images on units IMGl and IMG2. 

The first entry on the equivalence list is a class symbol on input image 1 
(i.e., IMGl). Following entries are the class symbols on input image 2 (i.e., 
IMG2) which the user believes to be equivalent to the class symbol on input 
image 1. 

A typical entry in the equivalence list is: 

AB - specifies that the B's on input image 2 are equivalent 
or to the A's on input image 1 

AAB - specifies that the A's and B's on input image 2 are 
equivalent to the A's on input image 1. 

The group of characters corresponding to image 2 in the list {B or AB 
in the above examples) may contain up to 5 characters. Up to 10 such entries 
in the equivalence list may be input. A blank card terminates the scan for 
entries in the list. 

Images 1 and 2 are the first and second images that were generated with 
any of the classification options. Prior to using the DIFIMG option, it is 
recommended that the user read the description of the UNITS option . The UNITS 
option is intended to be used in conjunction with the DIFIMG option to conven- 
iently manipulate the image unit numbers such that each image output may be 
placed on a unique unit by the user. 

The output from the DIFIMG option is a table that contains three classes, 
A, B, and C and the size of each class. The classes are defined as follows: 

Class A - those pixels in image 1 that were not in the equivalence 
list specified by the user 

Class B - those pixels in image 1 different from image 2 

Class C - those pixels in images 1 and 2 that are the same. 
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DIFIMG OPTION 

SAMPLE INPUT AND CORRESPONDING OUTPUT: 


A$T ep OPTION 0« TYPE A BL*NK 
>D I F I Mg 


0 ] f 1 M G OPT Jin 


Input equivalence lists 

> a a • 

>aa 

>OP H - 

> e. r 

CLASS syhhol size 

\ A . .... - - — — 

2 0 56 U 

1 r t 0 - - - — — 

class a are those pixels op image i that ape not ?n the input equivalence list 

CLASS 8 APE THOSE PIXELS OP ImAG£ X DIFFERENT fROtf — I MAGE_2 — 

Class t are Those PIXELS the SAHE in IMAGES t AND 2 

s "tmF OPTION DIPIMg KEQuIREO .'*7**2 SECONDS QP CPU T I ME • 
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DIFIMG ENGINEERING DESCRIPTION 


DIFIMG differences two input alphabetic image maps to produce a third 
alphabetic image map. It requires the use of an equivalence table to define 
the logical rules for differencing two alphabetic characters. The equiva- 
lence table is input by the user and has the form 

entry 1 A-| Bi • *^lrn 

entry 2 A 2 B 21 B 22 ' * * B 2n 

e n try n VrAz—'ng 

where each A i and B., is an alphabetic character. 

Let C.J , C 2 and C Q be corresponding characters on the input images 1 
and 2 and output images respectively. Then the differencing rule is 

C if for some j 

C-| = Aj and C 2 = B^ for some i 
B if for some j C-j = Aj and C 2 f for any i 
A if C, f b- for any j 

J 0 

The corresponding threshold data for the image display for the output 
image is set to zero. 

The limits on the number of entries in the equivalence table, n, and 
the symbol list for the second input image, m, are n < 10 and m < 5. 
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DIFTWG 


ENTER MITH 


buf - large quFfer array 
IBUF 1 I PARTITION BUFfER ARRAT 
I BUF? I 

NBUFSI - SIZE OF BUF 
NRT - HUMBER OF [MAGE RECORDS (IN 
[MAGE TAPES 

1 MG 1 ,IHG 2 - INPUT IMAGE DATA TAPE 
, UNIT NUMBERS 

,mm - mjsfp oiiA Tift 




GENERATE DIFFERENCE IMAGE 
ANO 5 AVE ON UNIT IMGUNT 


CALL OIF 
CALL SAVING 






1 ERROR RETURN 

WRITE ERROR MESSAGE 
TO USER 




^ return""^ ) 


INI T E 

ALIZE 

I NRT • 0 
CALL SAV 1 MG 
CALL RETIMGl 

call retihgc 

. >r ,|HSl 


INRTMNRT+1 




NO 

| READ INPUT IMAGE RECORDS 1 

INTO BUFFER 


call retimgi 

. - *1MG1 , . . . ) 

CALL RETIHGl 

** .IHG2, — ) 


aASS SYMBOL SIZE 

7 ^ 

f RETURN J 


© 


OF 1 
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DIF 
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Using the DUMP Option 


DUMP option is a convenient way for a user to visually inspect contents 
of a tape file by translating it into readable form and printing it. The 
information from the input tape is broken into 8-bit bytes and converted to 
integers from 0 to 255 for printing. 

Upon entering DUMP option the user inputs the following parameters 
using the $INDUMP namelist: 

NREC - number of physical records to be printed (default value is 5) 

I FI RSI - index number of first record to be printed (default value 
is 1) 

NWORDS - maximum number of words to be translated for one record 
(default value is 5000) 

UNITNO - unit number for input tape (default value is 7) 

The first record is always translated and printed, independent of the 
value of IFIRST parameter, since it is usually a header record. Data re- 
quested is printed as shown in the DUMP Option Sample Input and Corres- 
ponding Output section. 

It should be noted that DUMP cannot be used to dump a Fastrand data 
file unless all of the records on the file are of the same length and NWORDS 
is set to that length. The reason is that there are no gaps between records 
on the file to tell NTRAN where to stop reading. 
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DUMP OPTION 

SAMPLE INPUT AND CORRESPONDING OUTPUT 


( HT t N * 1 TEN OPTION ON T 7 M 4 HHI 
►OUNP 


g u h p option 


This option n*y •modjCE * u*N4C volume or ouTryT, 

iNTENtCtUC y*E« IMOjlD ADJUST NyNftt* OF NEC ON DJ fNNCcl* 

k NO NyNtCN OP «ONDS TO »t OgTPUT pt* NfCONO (N«ONOSl» *CCONp I"* 1 - T < 

HNOgNP NNCc » l FI NST INNONOI *UMI TNO 

MNtC IM»Sf NNONOS UKtTNO 
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Using the EDTSIG Option 


The EDTSIG option is used to manipulate signatures and signature files. 
A signature consists of the mean vector, covariance matrix, and number of 
pixels for a set of data. A signature file consists of a set of signatures 
along with their associated six-character names and the number of data chan- 
nels and the channel numbers for each one. A signature file is stored on an 
external medium such as tape or drum storage. 

The suboptions within EDTSIG are: 

BEGFIL - used to begin a signature file. The file may be on 
unit 1 or unit 2, depending on the user's choice. 

WRTSIG - used to read a signature into the core storage area 
in EDTSIG from cards. The values are input through 
a namelist called INWRTS which consists of: 

ND - number of data channels 
K - list of channel numbers 
NUM - number of pixels 
VM - mean vector 

COV - covariance matrix (input by columns) 

SAVSIG - used to save a signature by copying it from the core 
storage area into a signature file. The unit number 
and the signature name are specified by the user. 

The signature file must be prepared by BEGFIL before 
the first signature is saved. Up to one hundred signa- 
tures can be saved in one file. 

LISFIL - used to obtain information about the contents of a 
signature file on the unit selected by the user. 

The signature name, number of channels, channel 
numbers, and number of pixels are printed for each 
signature in the file. 

REDSIG - used to read a signature from a file into the core 
storage area. The unit number and the name of the 
signature are specified by the user. 

PRTSIG - used to print the signature currently residing in 
core storage. 


EDTSIG-1 



EIGSIG - used to compute and print the eigenvalues, eigenvectors, and 
factor analysis data for the signature in core storage. 

ADDSIG - used to combine the information from two signatures into a 
third signature which corresponds to the union of the two 
sets of data. The first signature must be in core storage 
and the second must be read from a signature file. The 
unit number and name for the second signature are speci- 
fied by the user. The result replaces the first signature 
in core storage. 

QUIT - used to return the program control to the driver so that 
another ASTEP option can be selected. 

Signatures may also be saved in the FACTOR option of ASTEP, but the file 

must have been initialized with BEGFIL in EDTSIG. 
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EDTSIG OPTION 

SAMPLE INPUT AND CORRESPONDING OUTPUT: 


ENTER ASTCP OPTION OR TYPF * BLANK 
»EOT S 1 G 


EDTSIG option 


CHOOS^ ^dT 5I G OpTtoN F R 0 m 

frCGFIL RtOSlG WRTSIG 

LlSFlL adosig eigsjg prtsig 

QUIT 

>LlSFIt 

-i fsrf-t-’-frFT-t-tAT has tezn- ■SfxTcrtTrv- - 


CHOOSE 

FILE 

NUMBER 

FROM 

1 

2 






- 



> 1 














SlGALL 

NO * 

9 K • 

1 

6 

9 12 






- — 



NUM • 

1 6R I 

0 

0 


0 

0 

□ 

D 

0 

D 

0 

0 

a 

sitsa 

N 0“ m 

*rr ■ 

t 

6 

9 1 2 





- 

— 

— 


NUM * 

29 

0 

0 


0 

□ 

n 

a 

0 

0 

0 

0 

0 

Si GB 

NO « 

9 K ■ 

t 

6 

9 |2 






— 

• - - 


NUM * 

93ft 

0 

0 


0 

□ 

n 

0 

0 

a 

0 

0 

0 

S f G A g 

NO « 

R K ■ 

1 

6 

M 12 






— 

— - 


NUM « 

967 

0 

a 


D 

n 

0 

0 

□ 

0 

a 

□ 

0 


lifting of file 1 completed 

CHOOSE FpTSlG OPTION FROM 

gEGFlL SAvSlG RCoSlG KRTSIq 
L lSFlL ADD$TG EIGSIG RRTSIs 
QUIT 

> RFOS I G 

redsig option hag been selected# 
input name to search on 

> S I G A 

c«crosE file number from 1 2 

>i 

5 I G A NO * H K » 16 9 12 

NUM I t ) * 2’ 

CHOOSE edtsig OPTION FROM 

pEgFTL SA v SIg REOSIG jyRTSIq 
L lSFlL ADOSIG EIGSIS PRTSIg 
out T 
>PR TS I G 

prtsig Option has been seiEcteo- 

MCAN I B T b 

I 2 3 H 

1 R5.6SS 126*039 j2S*379 90#13» 
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COVMAT 1 B» *4 

i- - — t' - — 3 - - -*• 


1 15.S9J 22*512 10.04*4 0*192 

1 g g » G 1 g »9 4 frfr fr - 6 0 *73ft 20 2 

3 I8.04H 60.736 7*1.958 16*553 

- *4 8. 192 20 * 3 1 -7- 1 5 ,55 5 13.623 


rHOOSE EoTSlG OPTION from 

S EfrF - lt. S - AV - Sl -6 R E 0 51-6 — 6R T 5 I -G — - 

LISFIL A 00 SI 6 EI 6 SIG PRT5IG 

6tH-T 

>E ! 65 ! S 

e I gs-t s o p tio n— h 6 5 frEgN—s^rEtrrE-o--. 

ARRAY *♦ BY <4 

A -2-... 3- *4 


-J- 1*4*4,610 . 8 36 *516 17*697 

2 1 6.325 . 09*4 ,930 77 **437 

3 6 ** 466 -- - - ,017 ,967 - 87*561 

*4 5.676 ,033 1.000 77,993 

EJ6ENV *4 BY q 

-1 2 3 *4 

1— . 2 2*4 r67 3 -,8 26 - .20*- 

2 ,667 , 37 Q -. 2*42 -.600 

t .6*2 -t* 62 no* 3 1 3 

*4 . 1 98 ,*46 3 -.*497 . 707 


CHOOSE E O T S lS O P T I O N -TR-Off - 

BEGF1L SAVSIG REDS 1 G wrtsig 
tlS F It — A froS-To — E l g-S-Hs — PU T S+G 
QUIT 

>*00516 

ADOS t G OPTION HAS BEEN SELECTED, 

INPUT NAME TO SEARCH ON 

>srso ■■ 

>1 


SIGB NO ■ *4 K « 1 6 9 12 

■WHt rl — * *F3-0 - - - - - 

-CHOW^O-FS16H>PT^N--F-R9H- - 

BEGFIL SAySlG RE0S1G WRTSIG 

ClSF+t AOtrS-ft; EtGS 1 G ‘ P*T S f-g - - ~ — 

QUIT 

• - 

prtsig option has been selected. 
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LlSFJL* ADOSIG EIGSJG 
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wr 1 1 UN fl H ^ OLE IN 3 t T, CL 1 D. U * 

OPTION EDTSIG REQUIRED 
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EDTSIG ENGINEERING DESCRIPTION 


EDTSIG is the subdriver for the spectral signature file maintenance 
options. Signature files may be read or written using tape unit 1 or tape 
unit 2. Each entry in the file has the form 

Record 1 NAME - six-character Hollerith name 

ND - dimension of mean vector and 
covariance matrix 

K - the channel numbers used to compute 
the signature data 

NUM - the number of pixels 

Record 2 VM - mean vector 

COV - covariance matrix 

The end of the signature file is marked with a record of the form of 1 
above with the name NOMORE. 

ADDSIG Suboption 

ADDSIG combines two signatures into a new signature. A detailed des- 
cription of the procedure is included in this section. 

BEGFIL Suboption 

BEGFIL is used to begin a new signature file. It writes the special 
NOMORE record on the unit selected. 

EIGSIG Suboption 

EIGSIG computes and prints the factor analysis data for the signature 
that is currently in core storage. The method used is the same as in the 
ASTEP option FACTOR. 

LISFIL Suboption 

LISFIL lists all of the heading data, (i.e. NAME, dimension of signature 
data, channels used, and number of pixels from the signature file selected. 

PRTSIG Suboption 

PRTSIG prints the signature information currently in the EDTSIG core 
storage area. 
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REDSIG Suboption 

REDSIG is used to retrieve a signature file. It searches the unit 
selected for the user specified NAME. It retrieves one signature and returns 
control to EDTSIG. 

SAVSIG Suboption 

SAVSIG is used to save signatures on a signature file. It adds the 
signature data under the name specified to the file unit specified. 

MRTSIG Suboption 

WRTSIG allows signatures to be input by the user to be saved in the 
signature files. Namelist is used to read in the signature data. SAVSIG 
is then used to add the data to the file. 

QUIT Suboption 

QUIT returns control to the ASTEP driver. 
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ADDSIG Engineering Description 


The ADDSIG subroutine computes the number of samples, mean vector, and 
covariance matrix for the union of two sets of data vectors. This is done 
by combining the statistics from the two data sets without actually process- 
ing the data vectors again. 

The total number of sample vectors, n, is simply 

n = n l + n 2 

where 

n.| = number of samples in data set 1 
n 2 = number of samples in data set 2 

The mean vector, M, is given by 
n, n 2 

M ■ r M i + ir h 2 

where 

M-j = mean of data set 1 
= mean of data set 2 


The covariance matrix, C, is 


C - 



n„-l 


- m ) T + sVc 2 



(Mj-MHMj-M ) 1 


where 

C-j = covariance matrix of data set 1 
C 2 = covariance matrix of data set 2 
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EIGSIG Engineering Description 


The EIGSIG subroutine computes and prints the eigenvalues, eigenvectors, 
and factor analysis data for a given mean vector and covariance matrix. The 
calculations are identical to the factor analysis done in the FACTOR option. 
The equations are presented in the engineering description of the FACTOR 
option. 
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Using the FACTOR Option 


The FACTOR option computes the number of pixels, the mean vector, the 
covariance matrix, the eigenvalues, the eigenvectors, and the angles between 
each eigenvector and the mean vector of the block or cluster of data being 
considered. 

If the pixels have been classified, the classes for which the statis- 
tics are to be computed may be selected by listing the corresponding charac- 
ters that would be seen in an IMAGE print. The list of characters BDF, 
for example, would select only the pixels which were classified as either 
B, D, or F. 

If all pixels are wanted, or if they have not been classified, the 
character + must be used. 

After the desired classes have been specified, the user is required 
to specify whether or not he wishes to print the statistics for the classes. 

A response of ‘YES' will cause the statistics for the classes to be printed. 

A response of 'NO' will suppress the print. 

Next the user must select the initial values for the statistics from 
the options: 

ZERO - sets initial statistics to correspond to having no data. 

FILE - reads initial values for statistics from a signature file. 

The unit number for the file and the name of the signature 
must be input. 

If the user elects to print the statistics for the class, the output is: 

MEAN - the mean vector 

SIGMAS - the standard deviations as computed from the diagonal terms 
of the covariance matrix 

COVMAT - the normalized covariance matrix with correlation coefficients 
above the diagonal 

ARRAY - the first column is the eigenvalues ordered with the largest 
first; the second column is the ratio of each eigenvalue to 
the sum of the eigenvalues (tells how big each is in a rela- 
tive sense); the third column contains sums of values in the 
second column up to that particular row (when the numbers 
approach 1 this means that most of the effects have been 
accounted for); the fourth column contains the angle (in 
degrees) between each eigenvector and the mean vector. 
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EI6ENV - a matrix whose columns are the eigenvectors of the co- 
variance matrix 

Next the user is asked if he wishes to save the "signature" of the 
class for future reference. The mean vector and covariance matrix from 
FACTOR constitute the signature of the class. A response of 'YES' will 
save the signature. Prior to saving a signature, it is necessary to iden- 
tify the file name and number and to have performed the BEGFIL suboption 
of EDTSIG option before FACTOR. If this has been done, the signature may 
be saved under the previously identified file name and number. 

In order to return control to the ASTEP driver, it is necessary to 
input a blank for the classification character. 
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FACTOR OPTION 

SAMPLE INPUT AND CORRESPONDING OUTPUT 


A-S- J -t* - 0»T I0 M Oft T*-P* 

>F*CTOR 




- I-NpijT SrWlOLS ~F8* -CtASStS-* - 

>* 

- TY8E ^5 TFP*!NT -5 T-A T I-S Tl CS -f 0 R CLASS ♦ - - 

>YES 


CHOOSE INITIAL 

statistics from zero 

OR FILE* OR QUIT* 

* linu 

zero 

HAS BEEN 

chosen. 




1 

mean 

2 

~t ETT" 9 
3 

H 

1 

82,052 

90,765 

7 1 * 29 | 

87.997 



S I QMAS 

1 BY 9 



1 

“ ■“ 

3 


— r 

— 5.823 

9.020 

— rr.322 

19*696 


CO V WAT 9“FY — -R 

I 2 3 9 


I 33*906 *9 38 ,29q ••.672 

2 23* 0 1 3 8 1 ,3 5 3 jtr^T? 

3 29.227 199,567 300*036 -,988 

9 -5 7*3 12 - Sr9 . -9 l t 


1 2 



8 


1 958 , o’o *727 ,727 70*996 

2 1-9^*131 - 23 0 ,95* - +9-r9T*r ~ 

3 23.191 ,037 ,99S 97,169 

— j_ jr7T _- rOTTS' - 1 * 00 0 rtiTT* 
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1 


ttgenv *r”rr~ ■«» 

2 3 9 


t .191 -.296 .805 -.520 

— 2 . 37 5 *2 5 6 #9-9-2 r?93 - 


3 ,769 ,959 -.292 -.383 

N -.50 5 r8l-5 r2-f« -. tTr 


-ST GirA -T tm r- 


>yes 


CHOOSE FILE NU M BeR FROM I 2 

- > 1 - 


>5 ! G ALL 

SI GN ATU R E SlG* L~L “HAS — BEEN - ~S ArytO — rrN - UN I-T— I 
SIgALL NO * H K ■ 1 6 9 12 


~ NUM (~1~) — ■ tiirl 

input symbols for classes^ 



type yes to print statistics for class a 
-ttes 


FAC T OR A N ALY S I S F OR * 

CHOOSE INITIAL STATISTICS FROM ZERO OR FILE# OR QUIT. 

>ZE*0 — - . 

ZERO HAS BEEN CHOSEN. 

HtAN l-e Y --9- 

12 3 9 


I 85.655 126.039 [25.379 90,138 


SIGMAS 1 BY 9 

_ , 2 -3 *9 — 

t 3-V<HL9 StW 8 x0^8 ~ 3 *6 -9~r 

C O V M AT 9 — B"Y~ —9 

12 3 9 


I 15.59] .686 

2 22 .5 12 6-9-H-O* 

3 18.069 60.736 

— -8 — 0. 192 — 20,317 


.528 .562 

79.958 ,987 

1 5 . 553 - 13. 62 3 - 
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I 


2 


3 


~~ q 


9 


I 199,810 .336 .836 i7.697 

— 2 1 6 .325 *-0-9-M ,-^30 ?7 HL37 

3 6*966 .037 .967 87.561 

-- *f 5* 6 7 6 rO-Jrt l vOO O 77 t7^3 - 


E t G E N~V -9— B-V - - 9 


12 3 9 


I .229 .973 .826 .208 

— 2 . ^7 — 2-92 - --r^OQ 

3 .682 -.652 *109 .3|3 

-R r-t-9-8 t% 63 — -vW 1 707 ~ - 


-- type yes-T’0 — 


>YE5 


C H 0 0 *> E FILE NUmBER FROM 1 2 


- f N-pOf~- N-A-m€- TO — SA v€ D+TA- tfND'E'R' - 


>51 GA 

s i g * a-t tm€- s i-g-a ++-as~ -b-e-e-n-- s*v ft) -rm-crw i-t- -j 

SlsA NO « 9 « ■ 1 6 9 12 

N uitt r>— ■ T7 

input symbols for classesI 

TYPE YES TO PRINT STATISTICS FOR CLASS B 


>N 0 

FACTOR analysis for b 


gtH r. 


>2ER0 


7 ERO HAS BEEN CHOSEN. 

TY R E Y E -S--7»-S AvE SI GN ATU RE 
>YES 


choose file number from 1 2 

>1 


I NRUT name nj SAVE data Un pER 

>S1 G8 

5 1 gN AT urE S I GTB NTS bEEn SAyEp oN QN I T t 
SlGB NO • 9 k * 1 6 9 12 

~ NUM 1 1 ) ■ 938 ; 

INPUT SYMBOLS FOR CLASSES^ 

TB 

type yes to print statistics for class b 

>N0 — _ 

factor analysis for b 
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>5 I G A 


CHOOSE FILE HUMBER FROM | 2 


STG~A T S~ ' 

HUM t J ) • 29 

- TTW^~ Y F5' TO "5* vE SI ffTT A rURT 
> YES 


r "S" v IT 


CHOOSE FILE NUMBER FROM I 2 


A M E TO SATE” DATA” UWTR' 

>S JGAB 


SIG*B HD • H k ■ 1 & 9 12 

HLTHrn ■ TT? ~ 

INPUT SYMBOLS FOR CLASSES. 

type yes to print statistics fop class ab 

>1YTJ — 

FACTOR ANALYSIS FOR A0 

-"CHOOSE f NITl-*t ST ATI-st T c 5 FROM ZERO 01?“ F^lxCr DR TJ1/1 T» 
>ZFRO 

— JJ-ERO “HA-S — RE-ErN — C H 05E#r — 

TYPE YES TO SAVE SIGNATURp 


INPUT SYMBOLS FOR CLASSES. 

> 

The OPTION FACTOR REQUIRED 


3»R7a2 5EC0ND5 OF CPU TIME. 
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Using the FEATSL Option 


The purpose of this algorithm is to determine a linear transformation 
which can be used to reduce the dimension of the data to be processed from 
n to k, where k is less than n. Within FEATSL there are three suboptions. 
Suboption SUBSP determines a k by n matrix B (n £ 24; nk < 144) which maxi- 
mizes the B-average divergence (References 4 and 5). Suboption REPLCE 
determines a subset of k out of n channels (k s n s 24) which maximize the 
average divergence in accordance with the Without Replacement Procedure 
(Reference 6). Suboption CANON determines the best k linear combinations 
of n channels where k < n £ 24 (Reference 7). The user can determine an 
adequate value of k by displaying the "Class Separation to be Gained Map". 
Upon entering FEATSL, the user must retrieve all signatures (class covari- 
ances and means) to be processed. This is accomplished by automatically 
having FEATSL call option REDSIH, so that the user retrieves all signatures 
in accordance with option REDSIH. 

Once the signatures have been retrieved, the user must select the 
desired suboption to be executed. If suboption REPLCE is selected, the 
user must only input by namelist ($INFEAT) the following parameter: 

KDIM - the number of channels to be selected. 

Then suboption REPLCE is executed and the best KDIM channels are determined 
in accordance with the "Without Replacement Procedure". 

If suboption SUBSP is selected, the user must first input by namelist 
($INFEAT) the following parameter: 

KDIM - the dimension of the feature space (i.e. k where k < 6) 

Since it is desired to find a k by n transformation matrix B of rank k = KDIM 
which maximizes the B-average divergence, the user must now initialize this 
matrix. This is accomplished by the user typing in one of the following 
four initialization suboptions. 

Suboption Function 

CHANAL User selects KDIM distinct channels 

to initialize B. 
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Function 


Suboption 


VECTOR 

Each element of the B-matrix is 
initialized by the user. 

DEFALT 

B-matrix is automatically initial- 
ized using internal program logic. 

RESTRT 

Allows user to exceed maximum num- 
ber of iterations (400) for a given 
problem, or to alter the convergence 
tolerance. (Normally, the user need 
not execute this suboption). 


All additional parameters to be defined below are also input by name- 
list ($INFEAT). If initialization suboption CHANAL is desired, the user 
must input 


ICHAN - the desired distinct KDIM channels 
For example, assuming twelve dimensional signatures, if KDIM=3, and 
ICHAN = 1,10,12 

then the program sets the element in the first row and first column of B 
to 1.0; the element in the second row and tenth column of B to 1.0; the 
element in the third row and twelfth column of B to 1.0 and all other ele- 
ments of B are set to 0.0. Thus, in this example, B effectively selects 
the first, tenth, and twelfth components of each observation vector. 

If initialization suboption VECTOR is selected, the user must input 

BMX - the desired non-zero elements of the B-matrix. 

(The user must be certain that the resulting 
B-matrix has rank KDIM). 

For example, if n=12 (the dimension of the signatures) and 

BMX (2) = 2.5, BMX (15) = 1.5, BMX(36) = 1.0 

then the program sets the element in the first row and second column of B 
to 2.5; the element in the second row and third column of B to 1.5, and the 
element in the third row and twelfth column of B to 1.0. All other ele- 
ments of the B-matrix are set to 0.0. 
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If the initialization suboption DEFALT is chosen, the program logic 
automatically initializes the B-matrix so that a matrix of rank KDIM re- 
sults. The suboption RESTRT can only be chosen after one of the initial- 
ization suboptions CHANAL, VECTOR, or DEFALT has been chosen and nominal 
program execution of suboption SUBSP has terminated. This occurs whenever 
a convergence tolerance test is passed (the change in the absolute value 
of the difference of the B-average divergence corresponding to two succes- 
sive evaluations of the gradient is less than .1) or whenever the conver- 
gence tolerance test is not passed prior to 400 distinct evaluations of 
the B-average divergence. In either case, the user must input 

TOL - the desired convergence tolerance. 

Then the iteration counter is set back to 1, and suboption SUBSP is execu- 
ted until nominal program termination occurs. 

If suboption REPLCE is chosen, the best KDIM channels are displayed 
such that the first one displayed is the "best" single channel in that the 
average divergence is maximized, the second channel displayed when combined 

with the displayed first channel is the "best" pair of channels, 

and the last channel displayed when combined with the previously displayed 
channels are the best KDIM channels. Also displayed on the same line as 
the i'th best channel is the average divergence for the combination of 
channels one througn i, ana the ratio of this average divergence to the aver 
age divergence computed using all the available channels. Displaying the 
KDIM best channels constitutes nominal termination of suboption REPLCE. 

If suboption CANON is selected, the user must only input KDIM, the 
number of linear combinations of the n-channels to be determined. The k 
by n B-matrix is automatically initialized to correspond to the best k out 
of n channels as determined by the "Without Replacement Procedure". This 
is accomplished by transforming the data with a non-singular transformation 
(Reference 7). This non-singular transformation corresponds to a permu- 
tation of the original channels so that the resulting channel i does not 
necessarily correspond to the original channel i. Thus, it is recommended 
that suboption CANON be the last suboption executed within the FEATSL 
opti on . 
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In each of the suboptions, the user is allowed to input the interclass 
weights so that the weighted B-average divergence may be maximized. The user 
is asked to "type yes to input interclass weights". If anything but a yes 
is typed, the weights remain unchanged (preset to 1.0). If the user's 
response is yes, the weights may be input by namelist $INFEAT. The weights 
are input into a 10 by 10 array A. Note that A(i,j) represents the weight 
for the i-jth class pair. Since A(i,j) = A(j,i), an input restriction is 
that i be less than j. All interclass weights not input are set to 1 or to 
0, depending on the value of the namelist parameter IFLG (1 or 0 respectively 
default value is 1). 

Upon nominal termination of any suboption, the following parameters are 
displayed 

MAX. - The average divergence computed using all the 

channels 

AVER. DIVER - The average divergence computed using the optimal 
B-matrix (suboption SUBSP) or the best KDIM 
channels (Suboption REPLCE) 

RATIO - The ratio of AVER. DIVERG over MAX. 

Since a given KDIM channel combination constitutes a B-matrix, both 
the optimal B-matrix or the best KDIM channel combination will be referred 
to below as "the B-matrix". At this point, the user is given the option to 
display the pairwise interclass divergences. If the user types YES the 
program will display for all distinct class pairs, the interclass divergence 
computed using all the channels, the interclass divergence computed using 
the B-matrix, and the corresponding ratio of these interclass divergences. 
Then the user is given the option to display the "Separability to be Gained 
Map". If the response is YES, the following parameters may be input by 
namelist $INPUT. 

MAXX - Maximum value of the interclass divergence computed 
using all the channels to be displayed by the Separa- 
bility to be Gained Map. (Preset to 1000) 

IC0DE - Determines size of the Separability to be Gained Map. 

(Preset to 1) 

= 0; batch run 
== 1; interactive run 
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ILABLX - Allows user to type in a label for the X-axis 
ILABLY - Allows user to type in a label for the Y-axis. 

At this point the user can display the transformed signatures {means 
and covariances) by typing YES. The transformed signatures for all the 
classes, computed in the subspace spanned by the rows of the B-matrix are 
displayed. The transformed signatures can also be stored on a signature 
file for future use by other options in ASTEP. The B-matrix (transforma- 
tion matrix) can be displayed and/or stored on a signature file in a simi- 
lar manner. 

When stored on a signature file, the kxn B-matrix is transposed and 
stored in the covariance matrix position on the file. The remaining space 
in the nxn covariance matrix position is filled with zeros. The mean vector 
position on the file is filled with zeros. The k-dimension of the B-matrix 
is placed in the location normally used for the number of pixels used in 
the signature generation NUM(l). The dimension in the signature file, ND, 
is set to n. The original n channel numbers are stored in the signature 
fi le as K(I ) , (1=1 , . . . ,n) . 

When the B-matrix is retrieved in the TRNSFM option, these channel 
numbers are compared with the channel numbers on DATUNT. If the channel 
numbers disagree, the user is informed that a discrepancy exists and is 
asked for another B-matrix name. 

If suboption SUBSP has been executed, the user may now choose any of 
the available FEATSL suboptions. For example, the user may wish to find 
the optimal B-matrix for a different value of KDIM, and thus would reselect 
suboption SUBSP. If suboption REPLCE has been executed, then upon completing 
the output options the user is given the option to continue suboption REPLCE. 
If the user's response is YES, he must input a 1-digit integer corresponding 
to the number of additional channels to be selected. For example, if 2 is 
input, the best KDIM + 2 channels will be obtained. When the user even- 
tually elects not to continue suboption REPLCE, control is returned to the 
FEATSL driver and the user may select any of the available FEATSL suboptions. 
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FEATSL OPTION 


SAMPLE INPUT AND CORRESPONDING OUTPUT: 


enter astep option or type a blank 

>FEAT$L 


FEATSL OPTION 


CHOOSE FILE NUmBER FROM I OR 2 OR CHOOSE 0 TO QUIT* 
>2 

INPUT YES TO PRINT SIGNATURES RETRlEVEo FROM FILE 2 
> YES 

LIST NAMES FOR SIGNATURES* END LIST WITH NOMORE* 

>S I G J 


SIGI 
NUM ( 1 

NO ■ 12 
1 • IOO 

K * 1 

2 3 9 5 

6 7 8 

9 10 11 

12 


l 

MEAN 

2 

1 BY 12 
3 

9 

5 

6 

1 

89.830 

7 

79*750 

e 

61*550 

9 

62.320 

to 

85.630 
1 1 

B7.920 

12 

1 

69.900 

83*560 

69.880 

8t.8|0 

93.860 

73.750 




COVMAT 

12 BY 12 





1 

2 

3 

9 

5 

6 

1 

6.730 

5.900 

3.950 

3.860 

7,690 

7,030 

2 

5.900 

7.590 

3.850 

9, 180 

8,250 

7,990 

3 

3.950 

3.850 

3,780 

2.790 

5.900 

5,190 

9 

3.860 

9.180 

2.790 

3.780 

6. 100 

5.830 

5 

7.690 

8 . 26o 

5,900 

A. 100 

19.050 

11.920 

6 

7.030 

7.990 

5.190 

5,830 

11.920 

13.030 

7 

9.680 

5.080 

3.560 

3 * 850 

7.S90 

7.630 

8 

6.990 

7.990 

5,190 

6.050 

12.070 

11*980 

9 

9,970 

5.960 

3.800 

9 . 600 

8.900 

8,79 0 

10 

5.610 

6.590 

9.970 

5.190 

10.930 

10.730 

1 1 

5.650 

5.910 

9.550 

9,590 

10.210 

11.670 

12 

2.300 

2.790 

1.590 

2.170 

5.060 

6.190 
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7 

8 

9 

10 

1 1 

12 

1 

R .680 

6 .9R0 

R.970 

5.6 10 

5.650 

2,300 

2 

5*080 

7 • 9ro 

5*960 

6.590 

5.9J0 

2.790 

3 

3.S60 

5.190 

3.600 

9.970 

9,550 

1*590 

R 

3.850 

6.0S0 

R.600 

5. 1 RO 

9.590 

2.170 

S 

7.SR0 

12.070 

8*900 

10.930 

10.210 

5.Q60 

6 

7.630 

1 1.980 

8.790 

10.730 

1 1.670 

6.190 

7 

5.890 

7.780 

5*980 

7,260 

7,980 

3.580 

8 

7.780 

1R. 190 

10*050 

1 I.7R0 

9.600 

5.920 

9 

5.980 

10.050 

9,170 

9,280 

6.130 

3.710 

10 

7.260 

1 1 .7R0 

9.280 

13,110 

10.390 

5,790 

11 

7 . R 80 

9.600 

6.130 

10.390 

28,990 

9*370 

12 

3.580 

5.920 

3.710 

5.790 

9.370 

9,720 


>NOMORE 


CHOOSE File number from | or 2 or choose 0 TO quit* 
>2 

INPUT YES TO print SIGNATURES RETRIEVED FROM FILE 2 
>N0 


LIST NAMES FOR SIGNATURES. END LIST R J T H NOMORE. 

>S I G2 

SIG2 ND • 12 K » 1 2 3 9 5 6 7 8 9 lo I I 12 

NUMU) • 100 

>S I 63 

SIG3 ND • 12 K « 1 2 3 9 & 6 7 8 9 10 II 12 

NUMU) - 100 

>S I SR 

SIGH ND * 12 K - I 2 3 9 5 6 7 8 9 lo I I 12 

NUM(I) ■ 100 

>SIG5 

S1G5 ND ■ 12 K ■ I 2 3 9 5 6 7 8 9 10 II 12 

NUMU) ■ 100 

>S I 66 

S 1 66 ND • 12 K ■ I 2 3 R 5 6 7 8 9 10 II 12 

NUMU) ■ 100 

>S I 67 

SIG7 NO ■ 1 2 K ■ l 2 3 R S 6 7 8 9 lo 11 12 

NUMU) • 100 

>S 1 G 8 

S 168 NO • 12 K • 1 2 3 R & 6 7 8 9 Jo II 12 

NUMU) ■ 100 

>5169 
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StG* Nn • 12 K ■ \ 2 3 ** S 6 7 a 9 IQ II 12 

mljn < I > ■ 1 00 

>NOMORE 

CHOOSE FILE NUMBER FROM l 0* 2 OR CHOOSE 0 TO QUIT. 

>0 

9 5 I GN A t U R E 5 HAvE BEEN RETRIEVED 

choose feature selection option from 
SU ti SP ^E p Lr£ QU I T 

CANON 

>R E PL C e 

SINFEAT 1ChAN,BMX,K0IM,T0L,A(I,JJ,IFLG 

NUMBER OF CHANNELS selected will be ? 

type yes if inputs are ok 

> yes 

TYPE YES TO INPUT [NTERCLA5S ^EIGHTS 

> NO 

CHANNEL SELECTED*!* AVERAGE DIVERGENCE* M.513 RaTJO* *1739 

CHANNEL SELECTED* 9 AVERAGE DIVERGENCE* 157.360 R»T|0» ♦ 4 *2**3 

MAX.. 370.91 7 AVER. D1VERG* 155,368 RATIO* • 4 U 8 ? 

TYPE YES To DISPLAY InTe*CLASS DIVERGENCES 
>nO 

TYPE YES TO DISPLAY SEPARABILITY TO BE GAINED MAP 
>YES 

SINPUT MAxX. I L A 6 L X « ILAQlY, ICOOe 

MaXX * 1000 ICOOE ■ 1 

MAXIMUM 1*JTERCI ASS DIVERGENCE 0(1, J) U-AXISI 

I nterclass divergence FROM BEST 2 CHANNELS (Y-AXIS> 

TYPE YES IF INPUTS A*t OK 

> r t S 
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870 


725 


INtERCLASS DIVERGENCE FROM BEST 2 C 
HANnELS (Y-AXIS) * 

VS 

MAXIMUM INTERCLASS DIVERGENCE Ddijl (X- • 

AXIS) 


* 


♦ 




♦ 


58U« 




290< 


I ) 


1 H 5 h 


2 I 1 


I III 

I I i in 


i 1 1 i i i 

+ * + • 

INS 


1 

i + i 

N 35 


29q 


580 


72S 


870 


IG 
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TYPE 

>N0 

YES 

TO 

TYpE 

>N0 

YES 

To 

type 

>no 

y e s 

TO 

TYPE 

>N0 

YES 

TO 

TYPE 

>N0 

YES 

TO 


display transformed covariances and mean vectors 

SAVE TRA N SF 0 r H ED SIGNATURES 0 N s1®n*TUr£ FIlE 

D I SPL a Y FEATURE SP aC E M A TRjX 
SAVE B-MATRIX ON SIGNATURE' FILE 

CONTINUE THE WITHOUT REPLACEMENT PROCEDURE 


choose feature selection option from 

SUB5P REPLCE QUIT 
canon 
>SUB5P 


TYPE IN 


DIMENSION OF FEATURE SPACE 


sinfeat 

SELECTED 
TYPE YES 
>YES 


ICHAN,BMX I KDIM,T0L,A 
DIMENSION EQUALS 
IF INPUTS ARE OK 


» U ! . IFLG 
5 


initialize THF B-MATRIx by SELECTING one of the following options 
CHANAL vector DEFALT RESTRT 
>oefalt 


TYPE YES TO INPUT INTERCLASS WEIGHTS 
>NO 


MAX.- 370.917 AVER* DIVeRG* 362.202 RAjlO» .9765 


TYPE YES TO DISPLAY INTERCLASS DIVERGENCES 
> YES 


class 

MAXIMUM 

COMPUTED 

RATIO 

1 2 

30.9 

27.9 

.8871 

1 3 

l 3 *4 • 8 

130.6 

.9706 

1 <4 

298.7 

290.6 

.9729 

1 5 

191.9 

1 BN » 4 

• 9618 

I 6 

188. S 

182. | 

• 9663 

I 7 

107. 2 

103.7 

♦ 9679 

i a 

2*47 • 2 

2*4 *4*8 

• 9903 

1 9 

206. *4 

196.6 

• 9522 

2 3 

1 6*4. 7 

156*6 

.9510 

2 <4 

*♦<4*4.8 

<435*2 

.9783 

2 5 

99.9 

87. *4 

*8746 

2 6 

61*6 

67.7 

• 8299 

2 7 

152.3 

m.i 

*9*458 

1 
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592.9 
319*1 

131.7 
128*9 

170.2 
131.6 

999.3 

186.9 

1012.9 
1228.0 

292.8 

910.9 

281.5 

26.9 

275.6 
1655*3 

581.9 
260*9 

1798.9 
566.2 
225*1 

97.2 

29{.S 


TYPE 

>YES 


585.5 

• 9889 

301.6 

.9602 

128.9 

♦ 9782 

120.2 

• 9362 

155.6 

• 9196 

126*5 

• 96|2 

935.5 

• 9802 

173.2 

• 9269 

I007.| 

.9998 

1216*3 

.9905 

285*6 

.9755 

393.| 

*9567 

270*9 

*9629 

29*9 

* 9 920 

266. | 

• 9655 

1650.9 

• 9971 

569.2 

• 9695 

253*3 

.9727 

1793.2 

• 9946 

596.9 

.9651 

218.5 

.9710 

93*2 

.9152 

277.2 

.9999 


YES TO DISPLAY SEPARABILITY TO BE G A I NED MAp 


2 8 

2 9 

3 9 

3 5 

3 6 

3 7 

3 a 

3 9 

9 S 

9 6 

9 7 

9 8 

9 9 

5 6 

5 7 

5 8 

5 9 

6 7 

6 8 

6 9 

7 8 

7 9 

8 9 


SINPUT MAXX, I L ABLX , ILABlY, ICODE 

MAXX • 600 ICODE » | 

MAXIMUM JMTERCLASS DIVERGENCE DU.J> (X-AXIS) 

5**D FEATURE SPACE 

TYPE YES IF INPUTS ARE OK 
> YES 


FEATS L- 11 



5-0 FEATURE SPACE 


I 


1 


510 


-425 


3*40 


VS 

HAHHUH I NTC,RCLA SSPiYER<iE hC C DiltJ) (X- • 

AXIS) 




* 

2 


• 1 




* 


255 


170 


85 



2 

* I 

1 l 

• 1 

3 

• l 
1 

• 1 

1 


1 ! 

* 2 

11 

1 


0 85 170 255 3-40 -425 5|0 


* 1 
1 


595 
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TYPE YES TO DISPLAY TRANSFORMED COVARIANCES AND MEAN VECTORS 

>NO 

TYPE YES TO SAVE TRANSFORMED SIGNATURES ON SIGNATURE FILE 
>NO 

TYPE YES TO DISPLAY FEATURE SPACE MATRIX 
>NO 

TYPE YES TO SAVE B-MATRIX ON SIGNATURE FUl 
>NO 

CHOOSE FEATURE SELECTION OPTION FROM 
SUBSP REPLCE QUIT 
CANON 
>QU I T 

THE OPTION FEaTSl REQUIRED S6»1R68 SECONDS OF CPU TIhE* 
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FEATSL ENGINEERING DESCRIPTION 


The purpose of option FEATSL is to determine a linear transformation 
which reduces the dimension of the data to be processed from n to k, where 
k is less than n. 

It is desired to maximize the average divergence D^, for m-distinct 
cl asses. 


m-1 m 
i=l j=i+l 

2 

where c-j : a constant equal to 2/(m -m) 

D B (i , j ) : the transformed interclass divergence for classes i and j. 

Define the weighted average divergence to be 



m-1 m 

‘lZ) Z) C ij D B (i -J> 
i=l j=i+l 


where c^. - c^ are suitably chosen weights. 

The weighted average divergence may be written as 


m 


°B = 1/2 ^1 tr{^(BA i B T r 1 (BS i B T ) 
i=l 


- k c 1 c 2 
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where 


tr : denotes the trace of a matrix 

B : a k by n matrix of rank k 

A. : an n by n positive definite covariance matrix for 

the i'th class 

y. : an n-dimensional vector representing the mean of 

1 the i ' th class 


m 


j=l 

j/i 


c. .[A. + 6.-5! .] 
1J J 1J 1J 


m-1 m 


■Z Z°m 

i=l j=i+l 


Note that the weights are "absorbed" by the matrices , i = l m, 

so that functionally the weights do not affect the problem. However, 
numerically the weights will affect the solution, i.e., that B which maxi- 
mizes Dg. 

Thus, for a given set of weights c. ., it is desired to maximize the 

* J 

weighted average divergence Dg. Unfortunately, the best B cannot be ob- 
tained analytically and must be obtained numerically. Thus, the gradient 
of Dg must be computed. It is readily verified that 



A i B T (B A. B T ) _1 (B S i B T ) 


(B A. B T ) 
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The above expression is a matrix corresponding to the transpose of the par- 
tial derivative of D g with respect to B. By using the above expression 
for the gradient and iteratively changing the B-matrix in accordance with 
Da vi don's algorithm (Reference 8) it is possible to satisfy, while in- 
creasing D g , 



i.e., it is possible to obtain a B-matrix which maximizes D g . However, this 
may not necessarily be a global maximum. Thus, it is reconmended that the 
best k out of n channels be chosen as the initial guess for the B-matrix. 

This will increase the probability that the maximum found iteratively is the 
global maximum. 

An output option, available to the user, is to display the so-called 
interclass divergence resulting from the best linear transformation B (again, 
B is a k by n matrix which may correspond to the best k channels). The 
B-interclass divergence between classes i and j is defined as 


}(i >j) ~ 1/2 tr j (Ba.B T ) -1 B(a . + 

I J 1 J 1 J 


+ (BAjB 1 )" 1 B(A. + 6. j 6. j )B T | -1 


The average divergence between classes i and j computed using all the 
channels is 
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It is noted that: 


D(i »j) * Dg(i,j) 


and 


. m-1 m 

" urn) (m-l)j S S D R (i , j ) 

i=1 j=i+l B 


Thus, defining 



it follows 


D, D b 


The program always displays the ratio 
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and the user has the option to display 


Dg(i ,j ) 

D (i.j) 


for all distinct class pairs. 

It is noted that the B-interclass divergence Dg(i,j) is a measure of 
the "separability" between classes i and j, with in general, the larger the 
interclass divergence, the easier it is to distinguish between these classes. 
Since D(i,j) - Dg(i,j) > 0, this difference is a measure of the "separability 
loss" for this class pair by performing the transformation y = Bx. Thus, it 
is desired to make the difference D(i,j) - D B (i,j) small for each distinct 
class pair. For a given k and "best" B obtained from any suboption, the 
user can graphically display the concept of separability by displaying 
what is called a "Separability to be Gained Map". Thus, consider a coor- 
dinate system whose (y-coordinate) ordinate (for a fixed value of k) is 
Dg(i.j). The abscissa (x-coordinate) is the value of D(i,j). The Separ- 
ability to be Gained Map displays for each distinct class pair a point whose 
x-coordinate is D(i,j) and whose y-coordinate is D B (i,j). Also displayed 
is a diagonal line corresponding to D(i ,j) = D g (i ,j) . Thus, the distance 
of a given point from the diagonal line represents the separation to be 
gained for this class pair. Ideally, the B-matrix should make this separ- 
ation to be gained small for all distinct class pairs. 

Canonical Formulation 

Note that since B is a k by n matrix, kn distinct elements or para- 
meters must be determined by the optimization program, so that Dg is maxi- 
mized. in this case, the Davidon technique iteratively updates an array H 
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of dimension kn by kn to obtain the best B. Thus, to conserve computer 

2 2 

storage the product p - k n must not be too large. Note that when k = 12 
and n = 24, p = 82,944, and if H is a double precision variable, then 165,888 
decimal words of computer storage must be allocated for H. This is clearly 
prohibitive; yet it is desired to be able to solve the feature selection 
problem when k < 12 and n = 24. This can be accomplished as described be- 
low. 

Let Q be a nonsingular k by k matrix. Then QB is a k by n matrix of 
rank k, and it is readily verified that Dg = Dgg. In particular, if B = ( R S) 
where R is a k by k nonsingular matrix, let Q = R _1 . Then it follows that 


QB = (I k R -1 S) 


where is a k by k identity matrix and R~^S is a k by n-k matrix. Thus, 
letting 


B = (I k R _1 S) 


where B is a k by n matrix, it follows that only k(n-k) parameters must 
be determined - namely the elements of the matrix T = R~^S, where T is 
a k by n-k matrix. The optimization problem is reformulated as: find 

B such that Dg is a maximum. It is readily verified that if k * 12 and 
n = 24, then at most 144 parameters must be determined, so that (144)^ = 
20,736 words of computer storage must be allocated for H. It has been 
experimentally determined that the H matrix need not be double precision, 
so that only 20,736 words of computer storage must be allocated for H. 
Also, only a given row of the H-matrix need be used at a time, so that it 
it convenient to store the H-matrix on a temporary storage device. Thus, 
the following procedure was applied for solving problems when k s 12 and 
n s 24: 


FEATSL-19 



1) Write or read the first 72 rows of H from temporary storage 
device 

2) Write or read the last 72 rows of H from temporary storage 
device 

3) Write or read the statistics K - , , and y. from temporary 

storage device 

Note that if H is small, i.e., less than 73 rows, then step 2 is omitted. 
Also, by judiciously using all 3 steps only 10,368 decimal words of data 
storage are necessary to accomodate the H-matrix and all the statistics 
for as many as 10 distinct classes with covariances as large as 24 by 24. 
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REPLCE OPTION 
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(REPLCE 1) 
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SUBSP OPTION 
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SET TO ZERO 


XBAR - VECTOR OF OPTIMIZATION 
PARAMETERS 

BMX - SINGLE PRECISION VECTOR 


PRESET CONVERGENCE TOLERANCE 


TOL = ,1 



INITIALIZE VECTOR 
OF OPTIMIZATION PARAMETERS 




FEATSL 4 of 6 
(SUBSP2) 
























IHTE RCLASS 



/« DENOTES THE NUMBER OF 
l PARAMETERS TO BE OPTIMIZED 
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CANON OPTION 


SET LOGICAL FLAGS 


INIT=1 

JOUT-2 


INSTRUCT USER TO INPUT 
DIMENSION OF FEATURE SPACE 


READ SINFEAT 



TELL USER TO TYPE 
YES IF INPUT OK 



TRANSFORM THE DATA 


EXTEND B- MATRIX TO 
A NONSINGULAR 
TRANSFORMATION 


CALL SHUTLE ( ) 



NO 


SELECT KDIM 
BEST CHANNELS 



FEATSL 6 of 6 
(CANON 1) 
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SHUTLC 


ENTER WITH 

COVAR - CLASS COVARIANCES 
KMEAN - CLASS MEANS 

ALFA - VECTOR OF PARAMETERS 
TO BE OPTIMIZED 

I PART - DERIVATIVE FLAG 
N - NUMBER OF PARAMETERS 
TO BE OPTIMIZE!) 

T NIT - INITIALIZATION FLAG 
KDJM - FEATURE SPACE DIMENSION 
NN - DIMENSION OF CLASS KEANS 

ICLSS - HUMBER OF CLASSES 

IOUT - OUTPUT FLAG 

I CUR - OPTION FLAG 




WRITE OUT 

DDV( 1 ) ,DDV(2) ,RATI0 


< 


UI SPLAY HTERCLASS 
DIVERGENCES AND RATIOS? 


YES 


WRITE OUT AND COMPARE 
KDIM-DIMENSIONAL AND 
NN- DIMENSIONAL INTERCLASS 
DIVERGENCES FOR ALL 
DISTINCT CLASS PAIRS 


SHUTLE \ of 3 
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CONTINUE OPTION 
REPLACE? 



INFORM USER TO INPUT THE 
NUMBER OF ADDITIONAL 
CHANNELS TO BE SELECTED (IK) 


KDIM + IK > NN 




IS CHANNEL NUMBER 
I MAST ONE OF THE 
PREVIOUSLY SELECTED 
BEST (ICUR-1 ) 
CHANNELS 7 


I MAST > m 




SHUTLE 2 of 3 
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Using the HSGRAM Option 

The HSGRAM option computes and displays the histogram of up to three 
channels of an input data set. The user selects: 

1) The class within the data set to be displayed. Inputting a '+' 
sign indicates all classes. 

2) The specific channels to be considered. It is to be noted the order 
in which the channel output is displayed is determined by the order 
of their input. That is, the first channel corresponds to the X 
direction, the second to the Y direction, and the third to the Z 
planes. The following example shows the orientation of the X and 

Y directions. 

Z PLANE 2 ZL (lower limit) = nnn.nn ZU (upper limit) - nnn.nn 


1 • 
2 ■ 

3 ■ 

4 - 

5 


1 2 3 4 5 6 
“i — r — i — i — r — c r 


f — r 


NYC _ (Channel) Y 


NXC -j 

(Channel ) 
X 


3) The limits and the number of subdivisions for each direction in 
the following way: 

o The three values of each variable XMIN and XMAX are the mini- 
mums and maximums acceptable for each of the X, Y, and Z 
directions. 

o The three values of NXC, NYC, and NZP specify the number of 
subdivisions for the acceptable regions of the X, Y, and Z 
di recti ons . 

The following is a more detailed description of each input variable: 
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XMIN - 3 values which set the lowest values of X, Y, and Z which will 
be considered 

XMAX - 3 values which set the highest values of X, Y, and Z which will 
be considered 

NXC - number of cells which are to be in the X-direction - maximum 
of 20 

NYC - number of cells which are to be in the Y-direction - maximum 
of 20 

NZP - number of planes in the Z-direction. The printing will consist 
of one plane at a time. There is no limit of Z planes. 

KCH - which components of the data vector which are to be used in 
making the histogram (note that these channel numbers do not 
relate to the original packed data set, but represent the 
sequential numbers of channels in the extracted, unpacked data 
set. For example, if channels 1, 6, 9, 10, and 12 were extracted, 
KCH values 1, 2, and 4 would specify the channels 1, 6, 10 of 
the original data). 

The output consists of a histogram for each Z plane and the summary 
ues 

NX - total number of data points in the set 

NP - number of points included within the histogram limits 

To exit this option one types a blank when asked for a new symbol. 
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HSGRAM OPTION 


SAMPLES OF INPUT AND CORRESPONDING OUTPUT: 
SAMPLE 1. A one dimensional histogram. 


enter astep option or type a blank 

>HSGRAM 


hsgram option 


INPUT symbols for CLASSES. 

>c 

HISTOGRAM for c 

* I NH 1ST XMlN»XMAX.NZP*NXC»NYC»KCH 
SINHIST 


XM I N 

XMAX 

NZP 

NXC 

NYC 

KCH 


.63000000E + 02 » .OOOOOOOQE^OQ i 
.79Q00ODOE+02 i . 2S500000E+03 * 

♦I 
♦ 17 
♦I 

♦ 3 » ♦•*. 


•OOOOOOOOE^OO 

*2SSU000UE*03 


♦I 


SEND 

TYPE YES IF INPUTS ARE OK 
>YES 
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Z plane j 

ZL • 

•00 ZU ■ 255*00 


1 



1 




2 

3 



3 

17 



9 

S2 



5 

167 



6 

2&S 



7 

301 



B 

3 I 9 



9 

279 



10 

2 25 



1 1 

18* 



12 

127 



13 

101 



1*» 

93 



IS 

21 



16 

3 



17 




NX 

■ 566| 

NP • 

2092 

the option 

HSGRAm 

REQUIRED 1.7809 SECONDS OF CPU TIME. 
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SAMPLE 2. A two dimensional histogram 


enter astep option or type a blank 

>HSGR AM 


hsgram option 


INPUT SYMBOLS for CLA5SES. 

>c 


HISTOGRAM 

FOR C 


SINHIST 

SINHIST 

xmin»xmax*nzp*nxc»nyc» KCH 


XM I N 

.63Q0Q0Q0E+Q2 * • 6SCI0Q000E + 02 » 

•OOOOOOOQE+OO 

XMAX ■ 

.7TUOOODOE+02. ♦ 8 1 OOOOOOE+02 » 

•25S00000E+03 

NZP 

♦l 


NXC 

+ 17 


NYC ■ 

+ 17 


kch ■ 

♦ 3 » +H. 

♦1 

SEND 

TYPE YES 
>YES 

IF INPUTS ARE OK 
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Z PLANE 

1 

ZL 

• 


*00 

ZU 

at 

2SS 

.00 







l 

2 

3 

9 

S 

6 

7 

8 

9 

10 

1 1 

12 

13 

19 

IS 

16 17 

1 

2 












1 

1 


1 


3 





2 

1 

1 


1 

9 

9 

1 



3 


*1 



l 

2 

3 

9 

6 

9 

1 

6 

9 

8 

9 

1 

1 


s 


1 

S 

8 

1 1 

7 

20 

13 

17 

33 

26 

13 

2 

S 

9 

1 

6 


6 

2 

10 

20 

26 

27 

31 

3S 

37 

27 

13 

5 

9 

3 

2 

7 


9 

6 

16 

22 

29 

31 

2*1 

26 

SO 

50 

16 

12 

3 

3 

9 

8 

i 

S 

3 

B 

16 

27 

32 

93 

32 

39 

so 

23 

1 1 

S 

12 

9 

9 


S 

6 

13 

26 

19 

19 

29 

23 

38 

95 

12 

9 

10 

6 

S 

10 

2 

9 

12 

12 

12 

12 

29 

25 

19 

27 

31 

20 

S 

6 

3 

1 

1 1 


S 

9 

8 

IS 

9 

9 

12 

17 

22 

38 

17 

9 

9 

2 

1 

12 

1 

2 

3 

3 

7 

S 

12 

7 

12 

22 

22 

9 

7 

9 

2 

2 

13 

1 


3 

9 

2 

6 

9 

8 

S 

26 

12 

12 

S 

2 

2 

1 

19 


3 

3 

1 


2 

1 

9 

6 

S 

6 

9 


2 



IS 

1 

l 

2 

1 

l 




2 

2 

3 

2 

2 

1 



U 


1 

1 














17 

















NX * 

S 66 1 

NP ' 

• 

2029 










the 

OPTION 

hsgram 

REQUIRED 


1 . 

8980 

SECONDS 

OF 

CPU TIME 


HSGRAM-6 


SAMPLE 3. An example of a three dimensional histogram with seventeen Z 
planes. 


enter ASTEP option or type a blank 

>H5GRAM 


HSGRAM OPTION 


input symbols for classes. 


>c 

HISTOGRAM for c 

*!NH1ST XMIN»XMAX»Nzp,NXC#NYCiXCH 


SlNHlST 

XM IN 

XMAX 

NZP 

NXC 

NYC 

KCH 


.63000000E+02 . 
.7900DD00E + D2 * 
♦17 
♦17 
♦17 
♦3 » 


• 65q00Q00E*02 » 
.ei00000QE + 02» 


♦ *♦ » 


.S0000000£^02 

•96000QUOE+Q2 


♦1 


SEND 

TYPE YES IF INPUTS ARE OK 
>YE5 
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Z PLANE 1 ZL ■ 80 • 00 ZU » 00.98 


l 2 3 8 5 6 7 8 » |0 11 12 13 II IS |i 17 

1 

2 

3 

8 

5 

6 
7 

e 

9 

10 
1 1 
12 
13 
1** 

16 

16 

17 


Z PLANE 2 ZL • 80.98 ZU ■ 8 l «88 


12 3 8 5 6 


1 

2 
3 
8 

5 

6 

7 

8 
9 

10 

11 

12 

13 

18 

IS 

U 

17 


10 11 12 13 18 15 16 17 


l 

1 1 
1 

1 1 


1 


1 
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I PLANE 3 ZL ■ 81.08 ZU » 82*82 


1 

2 

3 

H 

5 

6 
7 
e 

9 

10 
1 1 
12 
13 
IS 

15 

16 
17 


2 3 H 5 6 7 8 9 l 0 1 1 1 2 1 3 1 M 1 & 1 6 1 7 


1 

1 1 1 

1 1 1 

1 1 
1 1 


Z PLANE S ZL » 82.82 ZU » 83,76 


1 

2 

3 

<1 

5 

6 
7 

e 

9 

to 
1 1 
12 
13 
1H 

15 

16 
17 


123S56789 


1 


1 3 

1 1 

2 

1 1 

1 1 

1 


10 11 12 13 IS 15 16 17 


1 

1 1 

11 2 1 

3 

1 1 
1 

1 2 

2 

1 

2 1 
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Z PLANE 5 ZL » 


83,76 ZU > 


8 * 4.71 


7 8 f 10 11 12 13 H IS U 17 


1 1 
1 2 


1 1 
6 2 
2 2 
1 I 


2 1 

*» 1 

5 1 

2 I 
*4 

3 *4 

2 

1 1 


1 

1 

1 

1 1 


1 1 
I I 


Z PLANE 6 ZL • 8*1,71 ZU • 85.65 


8 9 |0 11 U II 11 15 |4 17 


1 1 


H il 12 

1 8 *4 

2 3 2 


1111 
1 I 2 


2 1 
3 

1 1 


1 2 1 
1 1 1 


2 

1 1 
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2 PLANE 7 ZL 


85,65 ZU 


86.59 


1 

2 
3 
9 

5 

6 

7 

8 
9 

10 
1 1 
12 
13 
19 

15 

16 
17 


2 3 9 S 6 


7 8 9 1 0 11 12 13 19 15 16 17 


1 

1 1 


l 

1 


l 

1 

9 5 

2 2 

1 

9 

1 

1 1 
1 


2 2 

1 3 

9 5 

3 2 

2 3 

3 3 
l 9 

9 

1 

1 

l 


1 

1 

9 9 

3 2 

6 5 

1 3 

7 1 

1 3 

1 2 
3 I 

l 


1 

3 1 

a 6 

6 9 
1 9 9 
5 19 

8 1 9 

9 7 
9 7 
2 9 
9 2 

1 

2 


9 l 
2 

9 1 

H 2 
9 3 

9 1 

9 2 

3 2 

2 1 
2 2 
1 


1 

I 1 
1 1 

2 1 

1 1 1 

1 

3 1 


Z PLANE 8 ZL - 


86. &9 ZU « 87,53 


l 


9 5 6 7 


8 9 10 1 1 121319151617 


1 

2 
3 
9 

5 

6 

7 

8 
9 

10 
1 1 
12 
13 
19 

15 

16 
17 


1 

2 l 

1 1 5 

2 6 8 

2 2 6 5 9 

112 16 

3 6 5 

119 9 3 

1 2 1 

1 1 

1 
l 


1 

5 
7 

6 
9 
3 

2 

2 


1 

2 

3 9 6 3 3 

7 5 7 6 2 

7 3 211 2 

5 8 6 3 3 

5 3 6 10 3 

8 2 8 12 3 

13 19 5 

2 2 9 5 1 

2 2 9 2 3 

2 I 


1 1 
1 
1 
l 

112 1 
5 3 11 

2 

1 1 1 

1 1 
1 
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2 PLANE 9 ZL ■ 


87. S3 ZU ■ 8a.**? 


8 9 iO II 12 13 11 IS U 17 


1 3 
5 6 
9 7 
9 5 
5 3 
5 11 


5 10 2 i 1 

3 9 3 7 


z PLANE 10 ZL ■ 88, H7 ZU ■ 89«91 


8 9 jo 11 12 13 19 |5 16 17 
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Z PLANE u 


1 

2 

3 

4 

S 

6 

7 

e 

9 
IQ 
I ) 
12 
13 
l 4 

15 

16 
17 


ZL ■ 89, HI ZU « 9Q.35 


2 3 4 5 6 


8 9 j 0 11 12 13 19 15 16 17 



1 

2 

3 
1 

4 
6 
1 
2 


1 1 1 

1 1 

1 2 1 
2 

3 6 1 

1 3 2 3 l 

2 1 1 


3 6 3 

1 2 

1 

2 1 

1 


1 
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90,35 ZU ■ 9 j , 29 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 
1 1 
12 

13 

14 

15 

16 
17 


2 3 4 5 6 


9 JO 11 12 13 14 IS 16 17 


l 


1 

1 

1 


1 

4 

1 1 
1 4 

1 

2 

1 

1 


1 1 3 

1 3 l 

1 4 1 

1 2 

2 


1 1 

1 


2 

4 2 

2 2 1 
2 1 
1 1 

t 


1 


1 

2 

2 1 1 
3 l 

1 1 
1 2 1 

1 1 
3 1 

1 

1 

1 
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Z PLANE 13 ZL ■ 


91.29 ZU • 92.24 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 
1 1 
12 

13 

14 

15 

16 
17 


2 3 4 


5 * 7 8 9 10 11 12 13 14 15 16 17 


1 


1 

1 1111 
1 

1 1 
2 1 1 


2 

1 


1 1 1 
1 1 2 
2 
1 


1 2 1 
2 1 

1111 1 
1 1 1 
2 1 
1 

1 

1 

1 1 

1 


I 


Z PLANE 14 ZL - 92.24 


ZU 


93.18 


10 11 12 13 14 15 16 17 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 
1 1 
12 

13 

14 

15 

16 
17 


1 1 1 
1 

1 

2 

2 1 1 

1 1 

1 1 

1 

1 
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Z PLANE 15 ZL » 


93,18 ZU 


9s. 12 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 
1 1 
12 

13 

14 
18 
U 
17 


2 3 4 5 6 7 8 9 | 0 II 12 13 IH 15 16 17 


1 1 

1 1 1 

1 

1 I 1 


Z PLANE 16 ZL » 94,12 ZU » 9&.Q& 


1 2 3 4 5 6 7 8 9 j 0 11 12 13 14 15 ] & 17 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 
1 1 
12 

13 

14 

15 
U 
17 


1 1 

1 1 

1 

1 
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Z PLANE 17 ZL ■ 95.06 ZU ■ 94.00 

1 2 3 H 5 6 7 8 9 |0 II 12 13 I *) 15 16 17 


1 

2 

3 

H 

5 

6 
7 

a 

9 

10 
1 1 
12 
13 
1 H 

15 

16 
17 

NX - 5661 NP « 2013 

the option hsgram required 


20.90Q6 sECONOS Op CPU TIME. 


<4 
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HSGRAM ENGINEERING DESCRIPTION 


HSGRAM computes and displays the histogram of the input data set. 

It has the capability of computing one, two, or three dimensional histo- 
grams. The histogram is generated by dividing the space into a number 
of rectangular cells. The number, size and range of the cells is speci- 
fied by the user. The routine then counts the number of data points 
that fall into each cell. 

Define 



then i f 


boundaries of 



cell in X direction 


boundaries of 



cell in Y direction 


boundaries of £ 


th 


cell in Z direction 


for k = 1, 2, 3 the three channels of the 
data to be used in developing the histogram 


X i 


^ V 1 


X i + 1 


and 


Yj ^ v 2 c Yj + .j and 

h i- v 3 * Vl 

then the counter for the {i, j, £) th cell is incremented by one. 


In the computation of the histogram only those sample vectors are 
used which correspond to the classes of interest. HSGRAM allows the 
user to input the alphabetic characters which define the classes to be 
used in computing the histogram. 

HSGRAM also has the capability of permuting the data axis so that 
any channel may be placed on any one of the three output axis X, Y, or Z. 
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Using the IMAGES Option 


The IMAGES option can be used to display classification data as an 
image composed of characters representing each pixel. The size of the image 
display is limited to 120 pixels per scan line for batch runs and to about 
60 pixels per scan line for interactive runs, depending on the width of the 
paper. If an attempt is made to print an image with more than 120 pixels 
per scan line, the I MAGE S option will print only the first 120 pixels for 
each scan line. 

The image is labeled with the scan line numbers on the left and the 
pixel numbers within a scan line at the top. The largest values of these 
numbers are limited by the print format to six digits for the scan lines 
and to four digits for the pixels. 

There are nine suboptions in IMAGES. Five of these are used to print 
the images, and the other four are used for information and control. 

ALLCLS - prints one image for each field showing all classes. The 

only input is the suboption name, but the print is affected 
by the threshold, THRVAL. Any pixel for which the distance 
value is greater than THRVAL is omitted (printed as a blank). 
The fields printed are those listed in IFIELD, or all fields 
if IFIELD has not been input. 

ECHCLS - prints an image for each class separately for each field. 

The only input is the suboption name, but the values of 
THRVAL and IFIELD affect these images just as they do in 
ALLCLS. In addition, classes with fewer than MINPIX pixels 
are omitted. 

SUBSET - prints one image for each field showing only a subset of the 
classes. In addition to the suboption name, a list of char- 
acters must be input to define the name of the subset and the 
names of the classes to be included in the subset. (In this 
context the name of a class is the same as the symbol used to 
show it in an image.) If the name of the subset is left 
blank, then each class in the subset will be printed with its 
own name. The values of THRVAL and IFIELD affect SUBSET just 
as they do ALLCLS. 

BORDER - prints one image for each field showing only the border pixels 
for all classes. A border pixel is defined to be different 
from at least one of four pixels with which it is compared. 
These are (1) the pixel above, (2) the pixel below, (3) the 
pixel to the left, and (4) the pixel to the right. If one 
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of these possibilities is undefined because the pixel being 
tested is on the edge of the image, then it is assumed to 
match the test pixel. The only input is the suboption name, 
but the value of I FI ELD affects the output just as it does 
in ALLCLS. 

INSIDE - prints one image for each field showing only the inside pixels 
for all classes. An inside pixel is any pixel that is not 
a border pixel. It is in the same class as the pixel above, 

the pixel below, the pixel to the left, and the pixel to the 

right. The only input to INSIDE is the suboption name, but 
it is also affected by I FIELD just as in ALLCLS. 

THRESH - allows the following control variables to be set with the 
namelist $INTHRE: 

THRVAL - the threshold value used to reject pixels. 

MINPIX - the number of pixels below which a class is ignored 

in ECHCLS. 

I FI ELD - list of fields to be printed. 

The table below shows which print options are affected by 
each of the namelist inputs. An X indicates that an option 


is affected. 

NAMELIST 

INPUT 


PRINT 

OPTION 

THRVAL 

MINPIX 

I FIELD 

ALLCLS 

X 


X 

ECHCLS 

X 

X 

X 

SUBSET 

X 


X 

BORDER 



X 

INSIDE 



X 


SYMBOL - allows the symbols printed for each class to be reset. In 

IMAGES the characters used to print an image are initially 

set to the letters of the alphabet, but they may be reor- 

dered or changed to other symbols in SYMBOL. The input to 
SYMBOL consists of the option name and a list of characters 
in the order of the classes that they are to represent. This 
list is then printed to be verified by the user before con- 
trol is returned to IMAGES. 
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STATUS - prints the current values of all input control variables. 

It prints the namelist variables (THRVAL, MINPIX, and IFIELD), 
the image file unit number, and the class number, class symbol, 
and number of pixels for each class. The only input is the 
name of the suboption. 

IMQUIT - returns control to the ASTEP driver. 
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IMAGES OPTION 

SAMPLE INPUT AND CORRESPONDING OUTPUT 


ENTE* 45TEP OPTION ok Type A ISLAMIC 

>m*ges 


IMAGES OpTltlM 


SELECT IMAGES OPTION FROM 


STATUS 

IMUNI T 

thresh 

symbol 

ALLCtS 


ECHCtS 

SUBSET 

BUNDER 

I NS I oE 

1 MQU I T 


>THR£S4 






IINTHRE THS^AL i M I HP I X 

. IFIELD 




•INThRE 






ThRi/al « 

• 2o00QoauE>rjH 




MJNPIK . 


+ 1 




i f i eld ■ 


♦ n » 


♦Q» 

♦C • 



♦0 i 



♦ 0 t 



♦D 1 


♦ 0 


>ENO 






type yes if 

INPUTS APE 

CORRECT* 




> YE S 






select images option 

FROM 




status 

IMUNI T 

thresh 

SYMBOL 

ALLCuS 


ECNCLS 

subset 

BORDER 

I MSI OE 

I T 



>SYM30L 

TYPE Thc STRING OF 
>CP*5 

CUSS SymHOl ABCS 

image symbol cp«s 

Type yes if inputs a»l 

>VES 


n Image symb-ils oesipeo* 


correct . 


SELECT IMAGES OPTION 

from 



STATJS IM'jNIT 

THREsh 

SYMBOL 

ALLClS 

ECHCLS subset 

BORDER 

l M Sl 0£ 

i m juj r 

>status 




IMU^IT T HR v A L Ml'JplX TfIELD 



12 2000.0 1 

o a 

o a o 

0 0 

. CLASS Cl*SS 

1 MAGE 

dumber 


dumber symbol 

SYMBOL 

OF PIXELS 


l A 

c 



2 a 

p 



3 C 

it 



4 0 

s 

402 


SELECT IMA^rS OpTJDvj 

FROM 



STATUS iMjNjr 

T HRESH 

SYMBOL 

ALLClS 

ECHCLS SUBSET 

>allcls 

B D F R 

1M51DE 

1 “ o U I I 


♦ 0 . 

♦ 0 . 
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image FOR FIELD 1 


Unl2222233333H‘4‘HRSSSSs*666677777B68BB9 

02840028480284802848028480284802848028480 

400 ccccccccccccccccccspppppppppppppppppppppp 
402 cccccccccccccccccccpppppppppppppppppppppp 
408 cccccccccccccccccccpppppppppppppppppppppp 

404 CCCCCCCCCCCCCCCCCCCPPPPPPPPPPPPPPPPPPPPPP 
408 CCCCCCCCCCCCCCCCCSPPPPPPPPPPPPPPPPPPPPPPP 

410 cccccccccccccccccscpppppppppppppppppppppp 

412 CCCCCCCCCCCCCCCCCCCPPPPPPPPPPPPPPPPPPPPPP 
418 CCCCCCCCCCCCCCCCCSCPPPPPPPPPPPPPPPPPPPPPP 
414 CCCCCOCCCCCCCCCCCWCPPPPPPPPPPPPPPPPPPPPPP 
4 |8 CCCCCCCCCCCCCCCCCCCPPPPPPPpPPPPPPPPPPPPPP 
420 CCCCCCCCCCCCCCCCCCCPPPPPPPPPPPPPPPPPPPPPP 
422 CCCCCCCCCCCCCCCCCCCPPPPPPPPPPPPPPPPPPPPPP 
428 CCCCCCCCCCCCCCCCCCSPPPPPPPPPPPPPPPPPPPPPP 
424 CCCCCCCCCCCCCCCCCCSPPPPPPPPPPPPPPPPPPPPPP 
428 CCCCCCCCCCCCCCCCCCSPPPPPPPCPPPPPPPPPPPPPC 
430 CCCCCCCCCCCCCCCCCCSPPPPPPPPPPPPPPPPPPPPPC 
432 CCCCCCCCCCCCCCCCCCSCPPPPPPPPPPPPPPPPPPPPC 
438 CCCCCCCCCCCCCCCCCCCPPPPPPPPPPPPPPPPPPPPCP 
434 CCCCCCCCCCCCCCCCCCCPPPPPPPPPPPPPPPPPPPPCP 
438 CCCCCCCCCCCCCCCCCCSCPPPPPPPPPPPPPPPPPCCCC 

480 cccccccccccccccccccppppppppppppppccpppcww 

482 CCCCCCCCCCCCCCCCCCSPPPPPPPPPPPSWSSCCCWSSW 
488 CCCCCCCCCCCCCCCCCCCPPPPPpPpCCCCPPPPCCSCCW 
484 WWWWWW«WWWWWWWWWWW«ICS5SSSS5SSSSSSSS55SSSS 
488 WffWWWAWWWttNWWWWWWWttSSSSSsSSSSSSSSSSSSsSSS 
450 WWWWW4WWWWWWMIWWW1MWWSS5SSS5S5SSSSSSSSS5S5S 
452 WWWWWWWWWttWWWWWWWWIMSSSSSSSSSSSSSSSSSSSSSS 
458 WWWWWWWWWWWWWWWftWWWSSSSSsSsSSSSSSSSSSSSSS 
454 WMIMWlNWMINWWWWWWlMlWttMlWSSSSSSSSSSSSSSSSSSSSSS 
458 WWWWWftNWWttWWMWWWWWWWSSSSsSSSSSSSSSSSSSSSS 
440 WWWW«WWWWwWWWWWWWWWWS5SSSSSSSSSSSSS5SSSSS 

442 wwwwwnwwwwwwwwwwwwwssssssssssssssssssssss 

44 8 WWWWWWWNMHiWMnAWlMWWiNMIWSSSSsSSSSSSSSSSSSSSSS 
444 WWWWWW«WWPWWHirWWWWWWW 5 SSS 555 S 5 SSSSSSSSSSSS 
448 WWWWWWWWWtt«WWWW«WWWSSS 5 S 5 SsSSSSSSSSSSSSSS 
470 wwwwwwwwwwwwwwwttwwwwsssssssssssssssssssss 

472 «« 4 WWttWWWMNttlMlNWWWWVllSSSSSsSSSSS 5 SS 5 SSSSSSS 
478 MWWWWWWWWWWWWWWNWMWSSSSS 5 S 5 SSSSSSSSSSSSSS 
474 WUlIttWMMIIlWIIlMWiMMDlWWViMNttWWWSSSSSSsSSSSSSSSSSSSSS 
478 WWWWWWWWWttWWWIftWttlftWWINSSSSsSSSSSSSSSSSSSSSS 
480 WttWWWWWWWAWWWWwWWWWSSSSSSSSSSSSSSSSSSSSSS 


select images option FROM 

STATUS IMUNIT THRESH SYMBOL *LLCLS 

ECHCLS SUBSET BORDER INSIDE IMSJUIT 

>BOROER 
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IMAGE FOR ALU CLASSES FOR FIELD 1 WITH ONL* BOROER 
PIXELS PRINTED 


11 U I 22222 333336666655555*66667 777 788888? 
02668026680266802668026600266802668026680 


600 

CSP 


602 

CP 


606 

CP 


606 

CCP 


60B 

CSP 


610 

CSCP 


612 

CCP 


616 

CSCP 


616 

CNCP 


618 

CCP 


620 

CP 


622 

CP 


6 26 

CSP 


626 

CSP 

p p 

628 

CSP 

PCP PC 

630 

CSP 

P PC 

632 

CSCP 

PC 

636 

CP 

PCP 

636 

CP 

PPCP 

638 

CSCP 

PP PCCCC 

660 

CP 

PPPCCPPPCNN 

662 

CSP 

PPPSNSSCCCN5SN 

666 

CCCCCCCCCCCCCCCCCCCPPPPPpPpCCCCPPPPCCSCCK 

666 

NNNWNNNNNNNNNNyvNNNNCSSSSs5 5SSSSSSSSS5 SSS 

668 

NS 


6*0 

NS 


652 

NS 


656 

NS 


656 

NS 


658 

NS 


660 

NS 


662 

NS 


666 

NS 


666 

NS 


668 

NS 


670 

NS 


672 

NS 


676 

NS 


676 

NS 


678 

NS 


680 

NS 


.ECT 

images option from 


STATUS IMUNIT THRESH 

SYMBOL ALLCLS 

CCHCLS SUBSET BORDER 

INSIDE 1MQUIT 


> 1 NS 1 DE 
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image for all classes for field i with only inside 

PIXELS PRINTEO 

I 1 1 | 122222 33333HH«HN5SS55666*4 77777888889 

02968 0296002960029680296002968 0296802 9680 


800 
802 
609 
808 
808 
810 
812 
4H 
818 
818 
820 
822 
629 
828 
8 28 
830 
832 
639 
838 
838 
690 
892 
899 
898 
898 
850 
852 
859 
858 
858 
880 
882 
889 
888 
888 
870 
872 

879 
678 
878 

880 


CCCCCCCCCCCCCCCCC PPPPPPRPPPPPPPPPPPPPP 
CCCCCCCCCCCCCCCCCC ppppppppppppppppppppp 
CCCCCCCCCCCCCCCCCC PPPPPPPPPPPPPPPPPPPPP 
CCCCCCCCCCCCCCCCC PPPPPPPPPPPPPPPPPPPPP 
CCCCCCCCCCCCCCCC PPPPPPPPPPPPPPPPPPPPPP 


CCCCCCCCCCCCCCCC 

CCCCCCCCCCCCCCCCC 

CCCCCCCCCCCCCCCC 

CCCCCCCCCCCCCCCC 

CCCCCCCCCCCCCCCCC 

CCCCCCCCCCCCCCCCCC 

CCCCCCCCCCCCCCCCCC 

CCCCCCCCCCCCCCCCC 

CCCCCCCCCCCCCCCCC 

CCCCCCCCCCCCCCCCC 

CCCCCCCCCCCCCCCCC 

CCCCCCCCCCCCCCCCC 

CCCCCCCCCCCCCCCCCC 

CCCCCCCCCCCCCCCCCC 

CCCCCCCCCCCCCCCCC 

CCCCCCCCCCCCCCCCCC 

CCCCCCCCCCCCCCCCC 


WWWWWWWWWWWWWWWWWW 

WWWWWWWWWWWWWWWWWW 

WWWWWWWWWWWWWWWWWW 

wwwwwwwwwwwwwwwwww 

wwwwwwwwwwwwwwwwww 

WWWWWWWWWWWWWWWWWWW 

WWWWWWWWWWWWWWWWWWW 

WWWWWWWWWWWWWWWWWW 

WWWWWWWWWWWWWWWWWWW 

WWWWWWWWWWWWWWWWWWW 

WWWWWWWWWWWWWWWWWW 

WWWWWWWWWWWWWWWWWWW 

WWWWWWWWWWWWWWWWWW 

WWWWWWWWWWWWWWWWWW ' 

WWWWWWWWWWWWWWWWWWW 

WWWWWWWWWWWWWWWWWWW 

WWWWWWWWWWWWWWWWWW 


ppppppppppppppppppppp 

ppppppppppppppppppppp 

ppppppppppppppppppppp 

ppppppppppppppppppppp 

ppppppppppppppppppppp 

ppppppppppppppppppppp 
ppppppppppppppppppppp 
ppppppppppppppppppppp 
pppppp ppppppppppppp 
ppppp ppppppppppp 
pppppp pppppppppppp 
pppppppppppppppppp 
pppppppppppppppppp 
ppppppppppppppppp 
pppppppppppp p 
pppppppppp 
ppppppp 

s 

SSSSsSsSSSSSSSSSSSSSS 

SSSSSSSSSSSSSSSSSSSSS 

SSSSSSSSSSSSSSSSSSSSS 

SSSSSSSSSSSSSSSSSSSSS 

SSSSSSSSSSSSSSSSSSSSS 

SSSS5SSSSSSSSSSSSSSS 

SSSSSSSSSSSSSSSSSSSS 

SSSSSSSSSSSSSSSSSSSSS 

SSSSSSSSSSSSSSSSSSSS 

SS5SSSSSSSSSSSSSSSSS 

SSSSSSSSSSSSSSSSSSSSS 

SSSSSSSSSSSSSSSSSSSS 

SSSSSSSSSSSSSSSSSSSSS 

SSSSSSSSSSSSSSSSSSSSS 

SSSSSSSSSSSSSSSSSSSS 

SSSSSSSSSSSSSSSSSSSS 

SSSSSSSSSSSSSSSSSSSSS 


SELECT images OPTION from 

STATUS 1MUNIT THRESH SYMBOL *LLCLS 

ECHCLS SUBSET BOROEft JNSIOE lMQUIT 

> I MOU I T 

THE OPTION IMAGES REQUIRED 2*9966 SECONDS OF CPU TIME* 


IMAGES-7 


IMAGES 



of 2 
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ENTER l/l TU 


CAR - LIST OF CHARACTERS TO liC UiLO JN PRINT IMG THE IMAGE 
1 MGUNT - l/unuEft OF IMAGE DATA FILE 

EH - LIST OF SYMBOLS FOR CLASSES UH1CH MAKE UP THE SUBSET 
TO LE PRINTED, AND TML SINGLE CHARACTER TO SYIBOLIZE 
Tilt SUBSET 

T * THRESHOLD VALUE FOR COMPARISON WITH DISTANCE DATA 
IMTYPE - CONTROL UORD TO SELECT SUBSET OR ALL CLASSES 
LF1ELD - LIST OF FIELDS TO DE PRINTED 
NFIELD - NUMBER OF FIELDS BEING CONSIDERED 
ISTARD - LIST OF STARTING SCAM LINE NUMBERS FOR EACH FIELD 
I SKI PD - LIST OF NUMBER OF SCAN LINES TO SKIP FOR EACH FIELD 
LINCD - LIST OF NUMBERS OF SCAN LIMES TO INCREMENT FOR EACH 
FIELD 

JSTARD - LIST OF STARTING PIXELS FOR EACH FIELD 
JSKIPD - LIST OF miMCER OF PIXELS TO SKIP FDR EACH FIELD 
JIHCD - LIST OF NUMBER OF PIXELS TO INCREMENT FOR EACH FIELD 
NRPF - LIST OF NUMBERS OF RECORDS USED TO STORE DATA FOR 
EACH FIELD 

NPXPS - LIST OF NUMBERS OF PIXELS STORED FOR EACH SCAN LIME 
FOR EACH FIELD 


If TTY PE = 'ALLCLS'?]>-^ 

P 

[ FIND NUMBER OF CHARACTERS INPUT [ 


IMTYPE /' SUDSET 7 ? 

— ZJ rsr — 



| PRINT CHARACTERS REQUCSrED IN HEAoIhcT| 
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GObOPU 


LilTlP 1.1 TH ~| 

CAR - LIST OF CHARACTERS TO II (JSf, 1/ In printing the imagl 

11IBIJMT - HllftUR OF IMAGE DATA Fill 

INUORI) - CONTROL UORO TO Si LI' T liQPU! P PI/LLb OR INSIDL 
P I XI LS TO PRINT 

1 FIELD - LIST OF FIELDS TO I>1 PR1UTLU 

NFIELU - NIJMKLR OF FH LOS WING CONS 1 01 RID 

ISTARD - LIST OF STARTING SCAN LUJL NUMBERS FOR [ACN 
FIELD 

I5KIPI) - LIST OF NUHDER OF SCAN l 1NLS TO SKIP FOR EACH 
FIELD 

1 1NCD - LIST OF NUMBERS OF SCAN LINES TO INCREMENT FOR 
EACH FIELD 

JSTARD - LIST OF STARTING PlXLLS FOR EACH FIELD 

JSKIPD - LIST OF NUMBER OF PIXELS TO SKIP FOR EACli FIELD 

JINCO - LIST OF NIVfflFJt OF PIXELS TO INCREMENT FOR EACH 
FIELD 

NRPF - LIST OF NUMBERS OF RFCORDS USED TO STORE DATA 
FOR EACH FIELD 

NPXPS - LIST OF NUMBERS OF PIXELS STORED TOR EACH SCAN 
LINE FOR EACH FIELD 


SKIP HEADER I 

)fl IMAGE FILL 

CALL 1 

iET I KG 


| HF 

“ 1 





I ii f = riF+l | 



II F > NFIELD? 

i 

! 

NO 

' SKIP THIS FIELD? J 


PRINT HEADING FOR IMAGE 




■lAOliR* 1 1 HAGi RKXRD 

fop curp. ;:r rmo 

CALL RiTiilG 



1 [1 

' 1 


\l\] - iiP/NPXPS(NF)| 


| I PHASE » 1 


USE FIRST SCAN LINE OF FIELD 
AS NEXT SCAN LINE 


o 


" IR > HRPF(flF)? ’ 


Jno 

1 1 



1 I » M 1 



1 > 

in? 


IR < NftPF(NF)? 


<•) 


. < mi ~ ~ > 

. 

< IR * MRPF(ilF) ? ] > 


NO 

ID 


READ THE NEXT 
FOR THE CURRC 



IMAGE RECORD 
NT FIELD 

CALL R 

1 

IETIMG 

1 


| IR = 

1 , 

ir+i j 



HI = HP/NPXP5 ( NF ) 

yn 



r— 1 


STORE NEW VALUES FOR NEXT ROW 


FIND UORULR OR INSIDE PIXELS 
FOR CURRENT SCAN LINE 


| PRINT ROW OF IMAGE *~| 


1 ™ 

o 1 





| IR = 

IR+1 ] 



^ IR > NRPF(NF}7 

| no 


READ AN IMAGE RECORD 


CALL RET I MG 


NO 


HOVE CURREN 
TO PREVIOUS 

T SCAN LINE 
SCAN LINE 



MOVE NEXT SCAN LINE 
TO CURRENT SCAN LINE 


I MAGES - 11 









DISPLA 
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Using the INTHDR Option 


The INTHDR requires no user inputs. Its purpose is to allow a user to 
process a data tape created by DATDEF which has been saved. INTHDR reads the 
header record on the tape and initializes the appropriate variables in the 
program. It also displays the user inputs that were input to DATDEF when 
the data was originally extracted from the raw observation data tape. 


I NTHDR-1 



INTHDR OPTION 

SAMPLE INPUT AND CORRESPONDING OUTPUT: 


T Y Pf A 


>inThdr 


I’WTtt CTR OFTlUN " — 


on "Unit h — **•* 

1 FIELDS R CHANNELS ! A 9 12 

: BDF2~ 8 33S ^mtTFS7 FcrOOn jr 

no Transformation 


fiflo data 

Ft-etD — F tTfrt f-sr-i p -mnt ^tsta-rt jsk ip- jtnc tnfxps trRp-p- 
1 600 1 Bo lo 1 80 BJ 2 

THE OPTION INTHDR rEQUIRfD 10308 S ECqnDs 0^ CPU TIME. 


INTHDR -2 


INTHDR ENGINEERING DESCRIPTION 

INTHDR does not require an engineering description - see flow chart. 
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INTHDR 



INTHDR 


I NTH DR- 4 




Using the ITRCLU Option 


Upon entering ITRCLU the user must define values for the parameters 

T1 = threshold for cluster splitting, units of the standard 
deviation 

T2 = threshold for cluster combining, if ISODAT = 0 T2 has 
units of the data and if ISODAT f 0 T2 has no units 

NMIN = small cluster elimination threshold (number of points) 

NVMMAX = maximum number of clusters to be allowed (< 20) 

SEP = the number of sigmas, in cluster splitting, to separate 

the two new clusters from the mean of the original cluster 
along the pertinent channel 

ISODAT = flag defining distance measure in cluster combining algorithm, 
if ISODAT = 0 use unweighted euclidean distance and if 
ISODAT f 0 use weighted distance measure 

IDISF = flag defining distance measure used in vector assignments 
to clusters, if IDISF = 1 , use euclidean measure and if 
IDISF = 2, use LI measure 

S = threshold used in grouping the data into strips, units of 

the data - if S <0. the strip forming logic is bypassed 

P = percentage threshold (0. < P < 1.) for initial cluster 

splitting prior to using input split combine sequence - 
if P < 0. initial cluster splitting logic is bypassed 

IP = print control flag, if IP = 0 no print, if IP f 0 print 
merger and split messages, if IP = 2 print cluster means, 
variances, and weights at the end of each iteration 

The default values for these parameters are 

T1 = 4.5 
T2 = 3.2 
NMIN = 30 
NVMMAX = 20 
SEP = 1.0 
ISODAT = 1 
IDISF = 2 
S = 1.0 
P = .5 
IP =0 


ITRCLU— 1 



The user must then enter the split(S) combine(C) sequence. This se- 
quence is controlled by the ordering of the characters S and C. A blank 
card results in the default sequence 

SSSSSCSCSCCC 

The user must then define the cluster mean and weights initialization 
procedure. The options are 

ZERO - all values 0, this forces the algorithm to be self starting 

OLD - use means and weights from last previous clustering (either 
ADPCLU or ITRCLU). For example, if one exits ITRCLU and 
calls IMAGES, then reenters ITRCLU the previous means and 
weights remain available.' One may continue to sequence 
through the clustering options and image display with the 
previous results available to restart via OLD. 

NEW - allows user to input starting values or to change any of 
the current parameters. The parameters are 

NVM = number of clusters 

NVG = weight for each cluster, may be ignored for ITRCLU 

VM = cluster means, one-dimensional array of number of 
channels x NVM values representing a matrix of mean 
vectors input by columns. 

Upon completion of the clustering a run summary is displayed. This out 
put is a description of the clusters formed. It lists the cluster number, as 
signs a symbol to those points in the cluster, describes the size, gives the 
statistics (mean and sigma) of the distances of the points to the cluster cen 
ter, and gives the LI distances between the vector used as a center to form 
the cluster and the mean vector of the resulting cluster. 

The user then must select one of the suboptions MEANS, SIGMAS, ANGDIS, 
or QUIT. MEANS, SIGMAS, and ANGDIS are for output only and require no input 
parameters. QUIT returns control to ASTEP. 

The MEANS suboption displays an m x n array where m is the number of 
data channels and n is the number of clusters. The columns are the mean 
vectors for the clusters formed. 


ITRCLU-2 



The SIGMAS suboption displays an m x n array of the individual sigmas 
for each channel and cluster. The columns are the channel sigmas for the 
clusters formed. 

The output of the ANGDIS suboption is an n x n array. The diagonal of 
this array will be zero. Angles (in degrees) between a pair of mean vectors 
are given labove the diagonal. The distances (given in channel units) between 
the vectors are given below the diagonal. Depending upon the value of the 
distance flag IDISF (=1 or 2), a euclidean or LI distance measure is used. 
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ITRCLU OPTION 

SAMPLE INPUT AND CORRESPONDING OUTPUT: 


,-rNtt 


> ITRCLU 


TTTrCTu OpTTTTN 


* I M l T ~p€~ TIt-T ! N i NAH+M jfX i 5EP 1 t SCiO a T~*~I ~0 I 5P 1 S » P » I 
S I Nl TRC 

— T+ • 1 80000000 E~*rri~ * — — 

T 2 » .55D00000E*nl 

— wtirw » * 5 - 

nvmmax » +zo 

-- 5tp * • isoocm otrmTT • - 

isopat ■ +1 

TOTSf — RT 

s ■ 1 oaoooooE+ni 

- p- ■* - « t oooo ooat>rrr - 

ip • +2 


SEND 

type te^-i r - t-n-p-uts - or- — • • 

> V E S 

ENTEp -Sptl-T/C^trefNE (SC)" sEUhlEMet 
>S55S5CSCS 

CHOOSE VALUES fOi? HHTT^L-tZfrTION FROM' 
ZERO OLD new 

- > ztr-o 

••••* ITERATION 1*5 ***** 

frutipTs r rr r ' 

1 


1 1681 

MEANS T”ffT T“ _ T 

! 


1 82.052 

3 71.291 

q — 87. 99? 


M*s H — 1 

1 


1 5.823 

2- 9 1 020 

3 17.322 

R- tS.6 Sfr 
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ITRCLU-5 



t 


SIGMAS 
r 


9 0T 9 

3 


1 3.09*? 2-rt5«, 

2 1 0*028 1*927 3*810 2*108 

3— — 1 0*10 1 1 » 8-9S- 8.3T9 trttl 

9 7*307 7,099 9,780 5 * 9*47 


1C 015 9 BY 9 

1 -2 . 3 — — n 

• t rOOt) 12 * 89-7 *4 , 80 j 7 t6 3t 

2 12*897 *000 9,025 5*989 

3 9* 801 9,02 5 rfrOO 3 |8©^ 

9 7*831 5.989 3*805 *000 



* — 

1 




1 f t 

. *8 — 

t 1 POSITION 

3. split 

9- 


1 2 

fn u^r i a 
3 9 

1 Bi 5 
5 



l 

1 92 9 9 i 

938 957 

Uf AUC 

2n5 




t 

nt « w a 
2 

9 B Y 5 

3 

9 

5 

l 

— m 

82*803 

79,780 

88,378 

83*891 

80 ,l 8 l 

z 

3 

-U 

1 1 I t 

I 10.M30 

a y_ A?? 

Be | o 2 o 
58,059 

“ 9 , 2 B 0 
79,057 

"frS~* 7 9 9 — 

80.997 

9 7,-900 

99.137 

T 

o Jf 7 ’ 4 

1 l □ « 1 5 Z ' " 


8 1 t 1 3 A — - 

~7~9 ,229 


1 

"51 »MAS 
2 

9 o T 5 

3 

H 

5 

1 

« — 

3.958 

in, n.3 a 

2. 188 

1 » *« ft 

2*72i 

fi . 1 /V i 

3*857 

n n a m 

2,91l 

€. 

3 

4 


■KB! 

«Ki 

2*090 

2.955 

5 » 3 0 1 

5 * 09 3 


^ lit f 

' t » £ ' 

J # ° 1 “ 

5«07 f- 

6 f 1 3 7 


i 

T~C 0 I"S 
2 

5 sr 5 
3 

9 

5 

t 

— - • 

• 000 

•■■■ +-m — t« l 

15,797 

8,259 

1 | *038 

3,59, 

2 

3 

4 - — 

B.2SH 

• 000 
12.809 

r2,809 

.000 

0.152 

8.573 

1 9 , H9s 

8,373 

s 

1 1 * H 3 H 
3.591 

8*152 

19,995 

8 »H7 3 
8,373 

— rotro 

10*197 

W 1^7 

.000 


TITRATION 9* CLUSTER 1, POSITION 2* SPLIT* NVM 
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NUWPTS 


I BY 



— 1 2 — 

3 9- 

— s t — 




1 

6 0 ^30 

930 973 

MEANS 

2 l 5 6 5 

9 BY 6 

.. .. *% 


■ s 



1 

2 

3 

H - * 


4 

t ' 

2 

* 

1 20.747 

l < i Uftft 

82.824 
ci n n 7 

B B | Hb 3 

99,989 

In ID 1 

8 3. 4tT9- 
85.871 

97*395 

95r2^8 - 

73,879 

8 1 . 6 a 2 
1 05.4A2 

~H34-r6TS 

82,43) 

j 

1 1 O • *TUU 

89.517 

110.251 

r 4 J t j 

80.999 

4 1 • 1 ttJ 
8 1 *395 


« 

sigmas 

. . . . 

9 BY A 

- • 1 





1 

2 

3 

—H 

■ — s 

gr 

1 

2 

0 • 1 0 B 

2.090 

1.939 

f I 9 7 9 

3.449 

2.143 

“ 1 , 8=9 

9,494 

2 , 9 o4 
3.119 

3 

H 

11*180 

3.895 

1 « t 0 6 

7,355 

3,438 

5 • 8 l 5 

5 , 0 7 0 
5,349 

3.272 

3.472 



IC DIS 

i BY i 







3 

H ~ " ‘ ' 

' 

_j _ - 

i 

.000 

18,083 

10.244 

i 9 •% % f- 

13.191 

4,113 

_t C iT% 

3.971 

£ 

3 

1 o i U g J 

10.244 
1 3 • ( 9 1 

rxttjTj 

13,335 
A . t 5 t 

1 J i j J b 
.000 

A C. fi 7 

4.567 

, nnrt 

4.97a 

2 3 # 7 5 & 

1 1 . 9o2 

5 

A 

1 w t 1 r 1 

4.113 

..07 1 

w f I “ 1 

15,223 

}1 . 755 

bbbi 

^Uuu 

10*151 

jU « I 9 l 

.000 

U 1 If 

17,170 

9.125 


4 * Y f ] 


» 4 t r u* 

r / • i t o 

^rHb 

• ooo 

• T* a a t t rt u c_fc 

* L iie.t C a 

- « • • am I . c- — i i ▼ 

ik u M — ~ 

7 

t 

% 7 I v r. -J *■ ^ V J T fc 

n pus i rt u" *i SPL 1 ' 

»c ••••• 

1 B..U B . 

-p tty™ m 



1 2 

1 . u n r 1 3 

3 9 

1 of 7 

5 4 

7 



i 

23 838 


190 109 

18 




1 

n b j 

2 

M (IT 7 

3 

H 

5 

6 

i 

84.935 

■ » . ^ nil 

79,737 

ft a _ ft_ajL 

88,513 
O q _ E n ^ 

83.584 

oc _ D a a 

79,89 2 

PA ^ 7 t 

81 ,7?5 

3 

4 

I i ° 1 JUT 

127.494 

ot . ? 4 l 

54,037 

tin ? ^ i 

79.929 
In i 3fl ? 

03 * T u° 

41.142 

A t - ■ 1 Oe 

“O jD< J 

99,558 

19 i ft - 

“104,890 

104,995 


T i • r* i 

7 

I 1 U * C 3 | 

■Ul <9 0 £ 

o J * J T 5 

' * M *3 

3S5 

1 

1 

85.889 

1 4 1 * Afl 






z 

3 

*» 

I 1 7 t 3 S V 
105.1 I 1 

88.147 
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*♦ 


s 


6 



2*750 9,8Hq 



9.928 
- 3-rfrTH 


9 5 6 

I 7 # 5 2 7 9,HHh 5,656 

~ -6 ■•-1-2-6 — -\S- f 3 62 — — 20*53 2 

6*5*»1 7,g9g 10*367 

* 000 lO .iJ'H — ~ - • 

10*091 .000 9.|n3 

i 9 *5 | 3 *hri^3 -fUtrO 

19*133 6,98o 3 * 2 l 5 





3.2*2 


2 . 0*0 


2.473 


3. 66*1 


2*750 

~ 5. 9 5 7 


l .**5 
S', $ 3 * 
4,345 
"ST*^T 



H 5 

13.199 5 , 22 * 

“ 6 "*“ l 28 

6.90*1 6,800 

rOflO^ " ~ * , 4^1 
9.481 .000 


TtrRATION 7. CLUSTER T, pOSlTInN 3 ( SPLIT. NVM « 4 


NUHPTS 


l 8 V A 




ITERATION *-S 
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3.668 
- g»2l 1 
2.750 


1 .000 

-2 *7.881 

3 9,66 3 

9 *2t477- 

5 *4.886 


2 

1 7 , *4 *41 

. 0 00 — 

1 3. *40*4 

1 * 4.826 


9.663 12.877 8,086 

--*3-»849 6-H 28 l-8-*926- 

,000 6,513 6,922 

— fr, 5 1 3 • DO 0 9,017- 

6,922 9.017 ,000 


ITfraTION 9 1 CLUSTER I, POSITION 3» SPLIT. NV« 


NUMPTS 


1 BY 


t i 


MEANS 


-7 6 - 3 — 

8 BY 6 

3 


-t S5-.-6&5 7 8r7 3 7 4-8,884 83. 58 6 -99,-94g 

2 126,038 82,026 9*4, 8?1 85.9q0 98,166 

3 t25rJ7-9 7 8v*440 6TTT6'2 98'79-Q-3 

8 90.138 110,251 00.388 01.39b 78,705 


SIGMAS 


8 BY 6 
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13.273 


13.808 


13,273 

13.8Q 8 

.000 


3 .ah i 


10.258 



choose option from 


>ME ANS 


MtfrNI 


"*♦' 1TV f> 
3 


| 85,655 

-2 Ig& i 0 3 -H- 

3 125.37? 


7 H , 7 37 
8 2. 82 6 
56,037 


88,H88 


7 H , H H 6 


83*886 
85 ♦ ? 0 8~ 
61.162 


7?, 98 8 


96,903 


8 H , 0 1 6 
112.1 1 1 
1 07 » i h3 



ITRCLU-ll 







ITRCLU ENGINEERING DESCRIPTION 


The iterative clustering algorithm, ITRCLU, develops the cluster means 
by using several passes through the data. For any one pass the data points 
are assigned to the nearest cluster means. Depending upon the value of S, 
the strip formulation logic is exercised for each iteration prior to the 
assignments to the nearest cluster means. Certain partial sums are computed, 
which at the end of the pass will represent the new cluster means and vari- 
ances. During the assignments of data points to clusters, the means defining 
the current clusters are not modified. 

At the end of each pass or iteration the new cluster means, channel 
variances, and populations are available. Those clusters whose number of 
points is less than a threshold, NMIN, are now eliminated. The algorithm 
then enters a cluster splitting or a cluster combining (merging) phase. The 
user can initialize the cluster splitting-combining operation by requesting 
that split iterations be performed until a specified percentage of clusters 
are stable (do not need to be split). The sequence for all other iterations 
is controlled by the input split combine sequence. 

Strip Formulation .- If 

Vj(i) = the ith component of the jth vector to be assigned 

S = strip refinement parameter (>0.) 

then, the local group or strip is defined by the vectors Vj +£ , £=0,1 ,... ,L, 
where L is the last £ for which 

lyn- V(i>i<s 

is valid for all i. After generating the local subgroup, its mean and weight 
are computed. 

Cluster Splittinq .- 

In splitting a cluster, the channel with the largest variance (o^) is deter- 
mined. If the standard deviation exceeds the threshold T1 (system param- 
eter), the cluster is split along channel j alone into two subclusters. 
Assuming an n-channel vector space, let 
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m.j , i=l,...,n denote the mean vector for the initial cluster 

m -j ^ »i =1 .... ,n denote the mean vector for the first subcluster 

m i ‘"’,i=l n denote the mean vector for the second subcluster 

SEP denote a! user-specified system parameter defining the separa- 
tion of the new cluster means from that of the original 
cluster 

Then the splitting process generates the two subclusters m^ " and m,." - * 
in a manner such that 

m.** = m- + SEP*Oj ; i=j 
= m.. ; i^j 

m." = m i - SEP*Oj ; i=j 
Cluster Combi ning .- 

There are two combining (merging) options depending on the value of the 
ISODAT flag. 

If ISODAT = 0, cluster combining operates by computing the euclidean dis- 
tance measure between the nearest pair of clusters. If this distance is less 
than the threshold T2» the two means are averaged into one. The nearest 
distance between clusters is recomputed and the combining process continues 
until all the cluster means are separated by T2 or more. 

If ISODAT^O, each cluster is limited to combine with at most one other 
cluster. The process begins with computing the minimum weighted distance 
between the first cluster and each of the other clusters. If this distance 
is less than T2, then the two respective means are averaged together. The 
mean averaging effectively combines two clusters into one cluster for the 
next pass of the data. The distance computations and thresholding continue 
until all of the original clusters are tested. Assuming an n-channel vector 
space let 


m^ and i=l,...,n represents two mean vectors 

cr* " and i*l»...»n represents the individual channel 

sigmas associated with the two clusters 
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then the distance d between the two clusters is 



Decial Cluster Splitting Tests. - 


If P > 0, the algorithm forces cluster splits each iteration (up to a maxi- 
mum of 10 splits) until a certain test is satisfied. The algorithm then re- 
sorts to the input split combine sequence for the remaining iterations. The 
test is - let 


pass = number of clusters for which all of the individual 
channel sigmas are less than T1 

num = number of clusters 

then the algorithm will force splits until 


fiass. > 
num — 


During the last iteration, a distance for the image display is associ- 
ated with each pixel or strip of pixels. The value of this distance is eq- 
ual to the distance (euclidean or LI depending on the value of IDISF) of the 
mean of the strip to the cluster mean it is assigned to. Later in the IMAGE 
option, the distance for each pixel from its cluster mean is compared to a 
user input threshold. All pixels whose distance exceeds the threshold are 
displayed as blanks. 

The ANGDIS option computes and displays the angles and distance between 
all pairs of mean vectors resulting from the clustering. Define 

= mean vector of the i^ 1 cluster 
m..(k) * k-th component of the i** 1 mean vector 
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i > j and IDISF = 1 
dij = |M. - Mj| 

i > j and IDISF = 2 
dij = l dij = E|m i (k) - m ^ ( k ) j 


i = j dij = 0 

.... 360 

i < j dij = 2 ^- cos 


•i M i • M j 
I |Mj| 


then the matrix D = [dij] is displayed. 

The iterative clustering algorithm was initially reported in Reference 
9. These ideas were applied and modified for use with multi-spectral data 
in References 10 and 11. 
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SPECIAL TESTS FOR POSSIBLE MODE 
CHANGE - DETERMINE NUH5EH OF CLUSTERS 
HITH VARIANCES < Tl**2 - RESULT STORED 
IN NPASS 
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VAT Cl 




FEND NEAREST HEW USING Li 
measure* assign POINT AND 
UPDATE STATIST ECS 


FOR I-1.NV 

1. fWIfM.E+38 
DO 310 >1 ,NVH 
T*0. 

DO 308 H-I.NO 

308 T-T+AB$<VH(I1.J>«V[]1.I)) 
310 CONTINUE 


3. CALL SEQST 

“5 


VAT Cl 1 OF 1 
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I CHAP - IF .Eq.lHS USE SPLIT AUttftJTKH 
•EQ.1HC USE COMBINE ALGORITHM 
VHP - CLUSTER HERN VECTORS 
VAR - CLUSTER VARIAIICE VECTORS 
NO - DIMENSION OF VECTORS 
NVM - HUWER OF CLUSTERS 
N - NUMBER OF POINTS ASSIGNED TO EACH CLUSTER 
HHIN - ELIMINATION THRESHOLD (NUMBER OF POINTS] 

T1 - THRESHOLD FOR SPLITTING, UNITS OF THE STANDARD 
DEVIATION 

T? - THRESHOLD FOR COMBINING, IF I500AT.EQ.0 T2 HAS 
UNITS OF THE DATA, IF ISODAT.NE.O T2 HAS NO UNITS 
SEP > aUSTER CHANNELS WITH SIGMAS. GT. Tl NEARS ARE 
SPLIT INTO TWO WANS DEFINED BY KAN ♦ AND - 
SEP*S1GNA 

I SO DAT - FLAG DEFINING COMBINING ALGORITHM, 1F.EQ.0 USE 
UNWEIGHTED OISTAHCE, IF .NE.O USE WEIGHTED 
DISTANCE MEASURE 

NYWJ - MAXIMUM NUMBER OF CLUSTERS ALLOWED 
IT - ITERATION NUMBER 

IP - PRINT FLAG, IF.EQ.O NO PRtNT, ]f ,NE.O PRINT 


1. FOR I- 1,ND SET 
VHP{I,NVMl-VMP(I,L) 
VAF(I,NVM)»VAR|[,L) 

2. TEMP-VMP(IH.L) 

3. VARM-SORT(VAFM) 

4. VHP|IH,L) • TEMP + 


PRINT MESSAGE 
ON ATTEMPTED 
CLUSTER OVER- 
FLOW 



SEP-VARH 

r 

.11**2 

1-0 

VHPflH.NVHl- TEMP - 
MNW)-0 SEP*VARM 

EXIT WITH [ 

- 

5. IF IPPO PRINT SPLIT 

message 

VHP ,NVM - UPDATED VALUES 


























MINDIS 



MINDIS 1 OF 1 
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SEQST 



SEQST 1 OF 1 
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CLOS 



CLOS 1 of 1 
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Using the MAXLIK Option 


Upon entering the MAXLIK option the user must select one of the sub- 
options REDSIG, INPSIG, PROCSS or QUIT. 

REDSIG allows user to retrieve previously saved spectral signatures 
(mean vectors and covariance matrices). For one or more signatures to be 
retrieved, the file number on which signature(s) were saved must be input. 
Entry of 0 terminates the REDSIG suboption. The routine used to retrieve 
signatures (REDSIG) contains an option to display each of the retrieved 
signatures as they are located on the signature file. A user response of 
YES will cause the signatures to be displayed - any other response will 
bypass the display. Following this, user must enter a name under which 
given signature was saved, and then the actual retrieval (and display if 
requested) takes place. Up to 12 signatures may be retrieved this way. 

An entry of NOMORE for signature name causes the retrieval process to 
terminate. The retrieved signatures may then be used by the PROCSS sub- 
option. 

INPSIG allows the user, as an alternate to REDSIG, to input the signa- 
ture data directly. Its parameters are 

NVM = number of signatures (means and covariances to be entered) 

ND = dimension of each mean vector 

VM = the mean vectors, a one-dimensional array of ND x NVM values 
representing the matrix of mean vectors input by columns. 

COV = the covariance matrices, a one-dimensional array of (NDxND)xNVM 
values representing the NVM ND x ND full matrices. 

Once the signatures have been retrieved (or input) PROCSS is called to 
process the data. This option first prints out the interclass distance array 
This array gives the maximum likelihood measure of the distances between the 
mean vectors of the various signatures. Then the observation data is pro- 
cessed. Upon completion a class summary is displayed. This summary gives 
the class number (which corresponds to the order in which the signatures were 
input), the assigned symbol, and the class size resulting from the processing 

QUIT returns control to the ASTEP driver. 
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MAXLIK OPTION 

SAMPLE 1 INPUT AND CORRESPONDING OUTPUT 


ENTER ASTEP OPTION OR TYPE A BLANK 
~>WKtT1C — 


MAXLIK OPTION 


C-HOOR€- HA-XL I K 0PTi01*F«0M 

REDSIG PROCSS QUIT INpSlG 

>INPSIG 


* I N I NPS NO .NVN. VM»COV 
NO* R N V M ■ S 
SIGNATURE l 


MEAN R BY | 

1 - - — — - 

2 85.900 

J t IOQ — 

8 81.ROO 


-- — — -C-O'M+T 8 B-Y-- -r 

I 2 3 R 

1 1*000 .000 .000 .000 

— .000- 1- « 000 *-0130- - .000— — 

3 .000 *000 1.000 .000 

* r Q00 * 000 .000 — - t *000 — 


SIGNATURE 2 


mean R by 1 

— ir~ 


1 8 9 »-fr00- 

2 9R.S00 

-3 7-8 *- 30 Q - 

*» 80.300 
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cobn u t 


-8 




1 .OOD 

rOOO 

.□00 

iWfl 



.000 

#-ooo- 


♦000 1,000 .000 
■#000 - . 000 — J~r 013 D 


SIGNATURE 3 


MEAN 


8 BY I 


— t — 7#v7^0O 

2 82.800 

3 — 

8 1)0.300 


eOVMA ^T #--rv- 8 — - — 

12 3 8 

1 1.000 1 ooo ♦ o oo ■ o oo 

2 .000 1.000 .000 .000 

^ rtYOO .000 1.000 rfrOO 

8 .000 .000 .000 1.000 


SIGNATURE 8 



i 

— HgAN 

— 8-frT — r- 




1 

80.100 






3? 

3 

Ji 

tTTTUU 

98.200 






•f 

TTTTUU 








coVmat 

8 BY 8 





i 

2 

3 

M 



1 

2 




• ODD 

• 000 



3 

H 

. UUT) 

• ooo 

♦ oocr 

• 000 

I . u ou 
.000 

. OOq 
1 *000 




Si gNaTURE B 
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1 




1 82.800 

2 THrBtfl ~ 

3 110.900 

- ~h — 


COVMAT 9 bV 9 

— 1 1- 3 - H 


t I'.'ffU’O rOtJO iOOO' .Ofro " - 

2 .000 1.000 .000 *000 

3“ r'OOO " »00 _ G' t~, 0^)0 — - *000 — •• 

9 .000 .000 .000 1 .000 


- TVP ^-^- ES - IF - f - NPil ^ S — A - ftE-OK 
> YES 


CHOOSE MAXLlK OpTlON FROM 

REOShS RROCS5— fN^S H - - 


ss-- 


1C 01S 


r 


s by 

- * 3 


t 

2 - 


^. 0 00 


2 7 R . H l 0 
.- OS 3 - 


950, Q9 Q 


3 950. OMO 

5 30*7.390 


1 569,990 
5 1 3. 8B0 


.000 

1*22.0*0 9517,170 


1291.950 30*7, 39 0 

-- Sl 3 *- 8 ^Q 4 -* 22 . 0*0 

3009.770 95 1 7 , 1 7 o 

598 * 7 Bo .000 


CLASS 

t 

2 

9 


SYMBOL 

A 


SIZE 
— 9-7 6 


8 

r 


928 
9 37 
212 
T 28 


C H OOSE W YXtrhc O P TIO N FROM 

redsig procss quit 


INpSlG 


>QU I T 

■ - T - h-E - — € 


g / ft fl 11 . ^ P a ft | i >* n P f n i . - T t 

pUO“ 3 1 C uNw5 ur CrU T * nt $ 
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MAXLIK OPTION 

SAMPLE 2 INPUT AND CORRESPONDING OUTPUT: 


enter astep option or type a blank 
>MAXL I K 


maxlik option 


CHOOSE MAXLIK OPTION FROM 

REOSIG PROCSS QUIT INpSIG 


PREDSt G 

CHOOSE FILE NUMBER FROM 1 OR 2 or CHOOSE 0 TO QUIT. 
>1 

INPUT rES To PRINT SIGNATURES RETRIEVED FROM FILE I 
> Y E S 

LIST NAMES FOR SIGNATURES. END lIsT *ITH NOmORE. 

>5 I G A 


5 1 G A N D ■ H x 1 1 6 9 12 

NuM(l) » 4 38 

mean 1 &T 4 

12 3 4 


I 


74,737 82,826 


56,037 110,2Si 


1 

2 

3 

4 


1 

4.368 
,643 
1 .428 
-2.900 


COVMAT 

2 

.643 
2.07J 
1.082 
1 .009 


4 BY 
3 

1 .428 
1 .082 
3.633 
-3,927 


4 

- 2. ’00 
1.009 
-3,927 
S4, 102 


pnomore 

CHOOSE FIlE NU m 8£R FROM 1 OR 2 OR CHOOSE 0 TO QylT. 
>1 
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lNpyT y£ 5 T D PRINT SIGNATURES RETR | Ey Ep FlOM f I IE I 
>NO 

l»,I ST NAmEs FOR SIGNATURES* END l*S t #ITh NOmORE* 

>S16B 

Si GB NO ■ 4 K u 1 6 9 12 

NUH I | > • 42* 

>5 1 SC 

S I SC NP • *» K ■ 1 * 9 12 

NUM(i) • 174 

>SIGDE 

S 1 GpE Np ■ H K ■ 1 6 9 12 

NUM t | 1 » 33’ 

>NOMORE 

CHOOSE FIlE NUMBER FROM 1 OR 2 or CHOOSE 0 TO Qu J T, 

>0 

4 SIGNATURES HAVE been RETRIEVED 

CHOOSE MAXLiK OPTION FROM 

REDSlG PROCSS QUIT INPSiG 

>PR0CSS 

IC 015 4 BT 4 

12 3 4 

1 7.014 l 3 S * B 9 3 38,095 635,658 

2 169.933 7,156 36,054 111,352 

3 36,7MB 33,383 8,552 227,064 

4 202*652 47,109 63,208 11,896 

CLASS STMBOu SIZE 

1 A 440 

2 8 420 

3 C 475 

4 D 346 

CHOOSE MAXllK OPTION FROM 

REDSIG PROCSS QUIT INpSlG 

>QUIT 

THE OPTION mAXLI* REQUIRED 5.1126 SECONDS OF CPU TIME, 
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MAXLIK ENGINEERING DESCRIPTION 


PROCSS is the only MAXLIK option requiring an engineering description. 
PROCSS classifies the data vectors via a maximum likelihood algorithm. 

Define 

i.L 

M.j = mean vector for i l class 

A.j = covariance matrix for i th class 

X = sample data vector 
then, for each sample vector X the i for which 

(X - M.) T A i " 1 (X - M.) + *n | A- | (1) 

is minimized is determined. 

An alphabetic image array or map of the resulting classifications is 
generated. The correspondence between the class numbers and alphabetic 
characters is i=l is an A, i=2 is a B etc. The threshold distance for the 
image display for each sample data vector or pixel is the chi -squared 
variable 

(X - M.) T a .’ 1 (X - M.) 

where the i is the one which yields the minimum of the expression (1). 

Prior to classifying the data, PROCSS generates and displays an inter- 
class distance array defined by 

d-. = distance of class i from class j in the maximum 
J likelihood sense 

= (M. - H.) J A." 1 (M. - H.) + £n|A.| 

The matrix D = (d. .) is then displayed. 

* J 

The maximum likelihood algorithm is reported in Reference 12. 
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Using the NEWS Option 


The NEWS option provides a convenient method for communicating to the 
user minor changes to the ASTEP program by reading information from unit 
15 (file name NEWS with qualifier TRW-T33710) and printing it. This data may 
be written or modified by UPNEWS option. The latest information is always 
printed first. 

After requesting NEWS, the user is asked to input either the number of 
lines to be printed or, ALL to indicate all of the remaining file is to be 
printed, or QUIT to indicate that no more print is requested. If the number 
of lines option is requested, the user will again be queried for additional 
lines, ALL or QUIT. The process is repeated until the file is complete, or 
ALL or QUIT is input. 

Three sample uses of the NEWS option follow. In the first sample, the 
ALL response is used to print all lines in the NEWS file. In the second 
sample, only the first three lines are printed. Then ALL is requested to 
print the remainder of the file. In the third sample, NEWS is entered and 
three lines are printed, followed by two more lines, and QUIT to indicate 
that no further printing is requested. 
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NEWS OPTION 

SAMPLE 1 INPUT AND CORRESPONDING OUTPUT: 


enter astip option or type a blank 
>ne*s 

NEWS OPTION 


N£#S OPTION REQUIRES FILE NAME NEWS TO BE ASSIGNED 

ip not assigned indicate quit. 

Quit From astep, assign news* and re-execute astep. 

Input additional lines to be printed, all* or quit 
>all 

t h is is a sample news file, i 

It RILl DEMONSTRATE The ALL And line count 2 

options of news, 3 

UpON first entry to news, the entire file will r 

Be printed. s 

The second entry prints the first s lines followed a 

By THE REMAINDER OF THE FILE* 7 

The LAST entry prints the FIRST 3 lines FOLLOWED a 

By 2 additional lines, ? 

THE OPTION news REQUIRED ,0*»96 SECONDS of CPU Time. 
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NEWS OPTION 

SAMPLE 2 INPUT AND CORRESPONDING OUTPUT: 


enter astep option or type a blank 

>NE»S 

NEWS OPTION 


n e ws option requires file n*me news to be assigned 
lp NOT assigned inoicate quit, 

quit from astep. assign news, and re-execute astep. 
input additional lines to be printed, all. or quit 
>3 

This is a sample news file. i 

It will demonstrate The all and line count 

OpT IONS OF NEWS. 

Input additional lines to be printed, all* or quit 
>all 

UpON first entry to news, the entire FILE WILL r 

Be printed. s 

t h e second entry prints the first 3 lines followed a 

By the remainder of the file. 7 

The last entry prints the first 3 lines followed a 

By 2 ADDITIONAL LINES. ? 

the OPTION NEWS REQUIRED ,QH9R SECONDS Of CPU TIME. 
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NEWS OPTION 


SAMPLE 3 INPUT AND CORRESPONDING OUTPUT: 


enter astep option on ttpe a blank 
>news 


NEWS OPTION 


news option requires file name news to be assigned 
I f not assigned indicate QUIT, 

Quit from astep ( assign news* and re-execute astep. 
Input additional lines to be printed, all* or quit 


>3 

ThIS IS A SAMPLE NEWS FILE. 

It will demonstrate The all and line count 
options of news. 

Input additional lines to be printed* all* or quit 
>2 

upon first entry to news, the entire file will 
Be printed. 

Input additional lines to be printed, all* or quit 


>guit 

the option news required ,0*46* seconds of cpu time. 


i 


N 

5 
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NEWS ENGINEERING DESCRIPTION 


NEWS does not require an engineering description - see the following 
flow diagram. 
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ICUft IS THE 
LINE COUNTER 
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UP NEWS OPTION 


WRITE 

CHOOSE FR Ofl INITAL , MODIFY, 
PRINT, AND QUIT 


WRITE 

INPUT DATA IN 
FIRST 60 COLUMNS, 
TERMINATE WITH QUIT 


PRIN T 


P 

JCUR=NBUFSZ-9 


WRITE 

OPTIONS INITIAL AND 
TOD I FY MAY BE EXECUTED 
ONLY ONCE FOR EACH 
iiP7jnrc rat i 


WRITE 

OPTIONS INITIAL OR 
MODIFY MUST BE CALLED 
BEFORE PRINT 

lirllLki J 



R£AD(5) (BUF(J) ,J=JCUR,J2 

QUIT 

<^UF(JCURp>-"- JCUR-J2+1 


JCUR-JCUR-10 


WRITE 

TOO MUCH DATA SOME OF THE 
LAST DATA NOT INCLUDED 


REWIND NEWSUN ( u 

J a NBUF5Z-JCUR+l Pv H 


WRITE ( NEWSUN JJ 

URITE(JIEWSUN) (BUF( J) ,J»JCUR,NBUFS2) 


REWIND NEWSUN 


BJF IS PRINTED 
FROM THE BOTTQ 
TO THE TOP 
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GH 


JL=NBUF5Z 


WRITE 

MODIFICATIONS TO NEWS 
MUST 6E IN -N,M FORMAT. 
INITIAL DATA FOLLOW- 0 
OR MODIFY CARD. MODIFICATIONS 
TERMINATED BY QUIT CARD. 



COMPLETE THE FILE 


U=KL 

■ 





0UF( JL) C BUF(J) 
JL-JL-1 

m 


mm\ 

■ 










j 

=1 

I 


K=JL+J 

1 

BUF(K)=XO CJ> | 





JCUR«JL+1 




WRITE 

BUFFER FULL, ENTER 
QUIT 


SKIP DOWN 
TO QUIT 


NEWS 4 of 6 



NEWS-9 

























BUILD 

NUMBER 
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Using the QUANTZ Option 


Upon entering QUANTZ the user must define values for the parameters 

XMIN i _ minimum and maximum intensity levels of interest 

XMAX I in the single channel to be used 

NQ = number of equal divisions desired between XMIN and 
XMAX 

KCH = the channel component of the data to be considered, 
for example if channels 1,6,9, and 12 have been ex- 
tracted via DATDEF and KCH = 3 then channel 9 will 
be used in the quantization process 

The default values for these parameters are 

XMIN = 0. 

XMAX = 255. 

NQ = 8 

KCH = 1 

At the completion of the image generation process QUANTZ displays the 
largest and smallest samples encountered in the data. Upon exiting QUANTZ 
a grey scale character map is available for display by IMAGES, the upper 
and lower bounds for each class are included. 
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QUANTZ OPTION 

SAMPLE INPUT AND CORRESPONDING OUTPUT: 


ENTER ASTtF OPTION OR TYPE A BLANK 
> 8U A NT? 


QUANT- Z OP T I -ON 


- $ I N 8 U A N XM f N , - X -M- R - X > MQ » KC H 

lINQUAN 

*Mf N- ■ — . OOOOOOOOE +o O 

XMAX ■ . 255O0D0DE*ti3 

* xrt ■ 

KCH « ♦ 2 


SEND 

TYPE-— 1 


>YE$ 

-t * R fr F S T-v ALU E-» 1 *4H . B t^T^-v AttfE 4 HD' 


3 

-*r 

5 


C 

-o- 


0 

1721 


rOTT 

15 * 9*4 
3 I .87 
*47.81 


•BNCr.- 
• 00 
ts-ttn- 

31.87 

47ySl 

63.75 


^ f 63*75 79,fc9 

7 6 1*42 79.69 95,62 

— « h rr-2 *sttt 2 rrrrr* 

9 I *40 1 1 1.56 1 27,50 

_tn d H 1-27 .- 5 -0 142r*rA 

11 K 1 1*43, *4* 159,37 

j 2 t a 1 -59 .37 175.31 

13 M 0 175.31 191,25 

14 ft 0 19tt^5 20 7 .1 9 

15 0 0 207.19 223,1 2 

16 _ _p o 22T TT2 239.06 

17 Q 0 239.06 255.00 

- — - 1 - 8 - n o 25 ?- . on 

The OPTION qUANTZ REQUIRED .5*488 SECONDS OF CPU TIME. 
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QUANTZ ENGINEERING DESCRIPTION 


QUANTZ generates an alphabetic image array or map via a quantization 
procedure on one channel of the data. The size of the quantization cells, 
their number, and range are specified by the user. 

i. L 

boundaries of i tn cell 

sample from the channel of data to be quantized 
Then the quantization character, in the image array, assigned to v is 
X. s v < X i+1 character code i (with 1=B, 2=C, etc.) 
v < X-j = XMIN character A 

v > X LAST = XMAX the "NQ+2"nd letter of the alphabet 

The distance values for the image display of the image generated by 
QUANTZ are all zero. 


Def i ne 
X, 


X i+1 
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GRYAPH 


ENTER WITH 


X - DATA VECTOR ARRAY 

HD - DIMENSION OF EACH VECTOR IN X 

NX - NUMBER OF VECTORS IN X 

XMIN ,XMAX ,DX - DEFINE LIMITS AND QUANTIZATION INCREMENT 
OVER WHICH DATA WILL BE QUANTIZED 
KCH - CHANNEL POSITION IN EACH VECTOR OF X TO BE 
QUANTIZED 

XS.XL - PREVIOUS VALUES OF SMALLEST AND LARGEST SAMPLE 

EPS=1 .E-7 

r 

GENERATE GRAY SCALE IMAGE (ALPHABETIC 
CHARACTER) IMAGE VIA QUANTIZATION OF 
KCH-TH CHANNEL POSITION 


DO 1040 J=1,NX 
K= (J-l )*ND+-KCH 
XK=X(K) 

IF(XK.LT.XS) XS=XK 
IF(XK.GT.XL) XL=XK 
IF (XK.LT.XMIN) GO TO 1000 
IF (XK.GT.XMAX) GO TO 1020 
I=INT( (XK-XMIN-EPS)/DX}+2 
IMG(J)=I 

NVG(I) = NVG(I) + 1 
GO TO 1040 
1000 IMG (J )=1 

NVG(1 ) = NVG(l) + 1 
GO TO 1040 
1020 IMG(J) = NVM 

NVG( NVM ) = NVG( NVM ) + 1 
1040 CONTINUE 


EXIT WITH 


XS ,XL - UPDATED VALUES 
IMG - DEFINES IMAGE 
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Using the TRNFLD Option 


The TRNFLD option is used to classify data in a way that makes the 
computation of statistics for training fields convenient. Each pixel is 
given a class number equal to the number of the field containing the pixel. 
With three fields, for example, all pixels in field 1 are put into class 1, 
all pixels in field 2 are put into class 2, and all pixels in field 3 are 
put into class 3. This makes it possible to compute statistics in FACTOR 
for each field by asking first for A, then for B, and finally for C. 

To use the TRNFLD option it is necessary to input the option name only. 
No other card inputs are required. 

A data file must be available on DATUNT for TRNFLD to read, and file 
must be assigned on IMGUNT for TRNFLD to write. 

Printer output from TRNFLD shows the class numbers assigned to each 
field, the corresponding class symbols, and the number of pixels in each 
class . 
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TRNFLD OPTION 

SAMPLE INPUT AND CORRESPONDING OUTPUT: 


enter astep option or type a blank 
>trnfld 


trnfld option 

SBBBeSBBBsCBBB 


F 1 ELD 

CLASS 

Symbol 

PIXELS 

1 

i 

A 

1 OS 

2 

2 

B 

207 

3 

3 

C 

133 

H 

H 

D 

77 

5 

b 

E 

AS 

6 

6 

F 

56 

7 

7 

G 

195 

8 

B 

I 

8 1 

9 

9 

J 

1 1 9 

1 3 

\ 0 

K 

1 HO 

THE OPTION TRNFLD 

REy) J I RED 

• 3812 

SECONDS OF CPU TIME 
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TRNFLD ENGINEERING DESCRIPTION 


TRNFLD reads each data record on the input file DATUNT and writes a 
corresponding image record on the output file IMGUNT. The class number 
written on an image record is equal to the field number for that record. 

The TRNFLD subroutine uses the RETDAT and SAVIMG subroutines. 
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Using the TRNSFM Option 


The TRNSFM option is used to scale and offset the data vectors or to 
perforin a linear transformation on them, or both. The two suboptions avail- 
able are SCALE and TRANS. The first input to TRNSFM is the desired sub- 
option name. 

If SCALE is chosen, then the namelist $INTRNS must be input. The 
variables are: 

DATUNT - unit number for input data 

NEWDAT - unit number for output data (NEWDAT replaces DATUNT) 

A - offset constant for each channel 

B - scaling constant for each channel 

As with all namelist inputs to ASTEP, the values are printed for inspection. 
Either YES may be input to continue the execution of the program, or NO may 
be input to correct the values. 

If TRANS is chosen, then the same namelist must be input, and addi- 
tional inputs are required to retrieve a transformation matrix from a sig- 
nature file. These inputs are: 

• File number to search for matrix 

• YES to print matrix or NO not to print 

• Name of matrix 

• NOMORE to stop searching file 

• 0 to leave REDS I G 

After the transformation is complete, the value of DATUNT is set to the 
value of NEWDAT and the channel numbers and number of channels are changed to 
enable other ASTEP options to use the transformed data as input. Control 
is then returned to the ASTEP driver. 
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TRMSFM OPTION 

SAMPLE INPUT AND CORRESPONDING OUTPUT 


ENTER astep option or type a blank 

>TRNSFH 


trnsfm option 


CHOOSE FROM SCALE OR TRANS, 
>TRAN5 

S INTRNS 
SINTRNS 
DATUNT » 

newoat « 

A > 

B • 

SEND 


Type yes if inputs are correct. 

>yes 

CHOOSE FILE NUMBER FROM 1 OR 2 OR CHOOSE 0 To QUIT. 
>2 

input yes to print signatures retrieved from file 2 

>YES 

LIST NAMES FOR SIGNATURES* END LIST WITH NOMORE* 

>B M ATX 2 

BHATX2 ND « 12 K « 123R567B9I01I 

NUM ( 1 ) ■ H 

MEAN | BY |2 

all zeroes. 


DATUNT. NEROATfAlB 
♦ 20 

. OOQGQOOoE+OO 
. lOOOOQOOE+OI 
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COVMAT 12 BY 12 



1 

2 


3 

R 

s 

6 

1 

• 000 

.000 

l 

• ooo 

• ooo 

• ooo 

• ooo 

2 

• 000 

• ooo 


• ooo 

• ooo 

• ooo 

• ooo 

3 

• OQO 

• 000 


• ooo 

• ooo 

• 000 

• ooo 

H 

• 000 

• ooo 


• ooo 

• ooo 

• ooo 

• ooo 

& 

• 000 

• 000 


• ooo 

• ooo 

• ooo 

• ooo 

6 

• 000 

• ooo 


• ooo 

• ooo 

• ooo 

• ooo 

7 

• 000 

• ooo 


• ooo 

• OQO 

• ooo 

• ooo 

6 

1 «000 

.000 


• ooo 

• ooo 

• 000 

• ooo 

9 

• 000 

• ooo 


• ooo 

1 *000 

• OOQ 

• ooo 

to 

• 000 

• ooo 


• ooo 

• ooo 

• ooo 

• ooo 

1 l 

• 000 

.000 


• ooo 

• ooo 

• ooo 

• ooo 

12 

• 000 

1 .ooo 


• ooo 

• ooo 

• 000 

• ooo 


7 

8 


9 

10 

1 1 

12 

1 

• 000 

.000 


• ooo 

• ooo 

• ooo 

• ooo 

2 

• 000 

• ooo 


• ooo 

• OQO 

• ooo 

• ooo 

3 

*000 

• ooo 


• ooo 

• ooo 

• ooo 

• ooo 

R 

• 000 

• 000 


• ooo 

• ooo 

• ooo 

• ooo 

& 

• 000 

• ooo 


• ooo 

.000 

• ooo 

• ooo 

6 

• 000 

• ooo 


• ooo 

• ooo 

• 000 

• ooo 

7 

• 000 

• ooo 


• ooo 

• ooo 

• ooo 

• ooo 

a 

• 000 

• ooo 


• ooo 

• ooo 

• ooo 

• ooo 

9 

• 000 

• ooo 


• 000 

• ooo 

• ooo 

• ooo 

10 

• 000 

• ooo 


.000 

• ooo 

• 000 

• ooo 

11 

• 000 

• ooo 


• ooo 

• ooo 

• ooo 

• OOQ 

12 

• 000 

• ooo 


• ooo 

• ooo 

• ooo 

\ 

• ooo 

>nomore 







CHOOSE 

FILE NUMBER from 1 

OR 

2 OR 

CHOOSE 0 TO 

QUIT. 


>0 








1 signatures have BEEN 

retrieved 




WRITE 

2780 WORDS 

ON UNIT 

20 





WRITE 

2768 WORDS 

ON UNIT 

20 





WRITE 

11R8 WORDS 

ON UNIT 

20 





THE OPTION TRNSFM REQUIRED 

5. 

8206 SECONDS 

OF CPU 

time. 
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TRNSFM ENGINEERING DESCRIPTION 

The TRNSFM option applies a linear transformation to each of the 
data vectors and creates a new data file. The general transformation is ob- 
tained in the TRANS suboption and can be considered in two steps: 

1) Offset and scale the data 

U = A+BV 
where 

V - an input data vector 

A - an offsetting (or translating) vector with the same value 
in all components 

B - a diagonal scaling matrix with all diagonal entries equal 
U - the resulting offset and scaled data vector 

2) Transform the resulting vector with a matrix 

W = TU or W = TA+TBV 
where 

T - a given transformation matrix which may reduce the dimension 
of the data 

W - final data vector to be output on the new data file 

If the second step only is required, then the TRANS suboption is used 
and A is set to zero and B is set to an identity. If the first step only is 
required, then the SCALE option is used. 
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Using the UNITS Option 


The purpose of the UNITS option is to allow the user to display, set, 
and manipulate the unit numbers used by ASTEP. Upon entering UNITS, the 
available image unit numbers (AVIMUN) are displayed. Next, the current 
unit assignments (INUNIT) are displayed. The unit names and definitions 
are: 

„ IMGUNT - image unit, used by all options which require an input 
image or generate an output image as the unit number 
(with the exception of the inputs to DIFIMG as noted 
in the example) 

DATUNT - data unit used by all options which read the reformatted 
data tape, created by DATDEF, as the unit number 

OBSUNT - observation unit, DATDEF reads the raw packed observation 
data tape from this unit 

ISIGF1 - signature file 1 unit, the unit number of the first 
signature file 

ISIGF2 - signature file 2 unit, the unit number of the second 
signature file 

IHISF1, - histogram files 1 and 2, temporary scratch units used 

IHISF2 by the HSGRAM option 

IMGl , - image 1 and 2 units, used by DIFIMG as the unit numbers 

IMG2 of the first and second input images. UNITS/CYCLE used 

as in the example automatically sets up these values and 
the values for IMGUNT correctly 

0BS1 - observation unit 1, used by the CPYDAT option of DATDEF 
as the output unit for copying a subset of raw packed 
observation data tape 

The user must then select one of the suboptions: 

CYCLE 

CHANGE 

QUIT 

The CYCLE suboption is a convenience device to be used primarily in 
conjunction with the DIFIMG option. Whenever an image is generated by any 
of the image generating options in ASTEP, the image is stored on unit IMGUNT. 
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There are three available image unit numbers which may be denoted as N1 , 
N2, and N3. These have values of 3, 12, and 9 respectively. These values 
are set in the ASTEP driver and cannot be changed by user inputs. The 
CYCLE suboption causes IMGUNT to be cycled from its current value to the 
next available image unit number. For example if IMGUNT = N2, selection 
of CYCLE will result in IMGUNT = N3. 

The units IMGl and IMG2 are the input image units for the DIFIMG op- 
tion. The DIFIMG option computes an image of the differences between the 
images on IMGl and IMG2 and stores the image on IMGUNT. The CYCLE sub- 
option does not cycle IMGl and IMG2, but sets them to N2 and N3 respec- 
tively on the second call to CYCLE. They are then set to N2 and N3 on 
every third call to CYCLE thereafter. 

All of the options in ASTEP will assume that the image of interest is 
currently on or will be next saved on the unit numbers 

N1 - nominal value, used prior to any entry to UNITS with selection 
of CYCLE 


N2 - value 
CYCLE 

N3 - value 
CYCLE 

N1 - value 
CYCLE 

N2 - etc. 

An example 

ADPCLU 
(inputs to 

IMAGES 
(inputs to 

UNITS 

CYCLE 

MAXLIK 
(inputs to 


resulting after first entry to UNITS with selection of 
resulting after second entry to UNITS with selection of 
resulting after third entry to UNITS with selection of 

of the use of CYCLE in conjunction with DIFIMG is 

generates first image on unit IMGUNT where 
ADPCLU) IMGUNT = N1 

display of first image - saved on unit IMGUNT (=N1) 

IMAGE) 

cycles IMGUNT such that IMGUNT = N2 
generates second image on unit IMGUNT 

MAXLIK) 
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IMAGES 

(inputs to IMAGE) 


display of second image - saved on unit 
IMGUNT (=N2) 


UNITS cycles IMGUNT such that IMGUNT = N3 and sets 

CYCLE IMG1 = Nl, IMG2 = N2 


D I FI MG differences the images stored on IMG1 and IMG2 

(inputs to DIFIMG) and generates a third image saved on unit IMGUNT 


IMAGES 


display of third image - saved on unit IMGUNT (=N3) 


UNITS cycles IMGUNT such that IMGUNT = Nl for the next 

CYCLE image to be generated 


In this example any of the image generating options could be used in 
place of ADPCLU or MAXLIK. After the last UNITS - CYCLE, the next image 
generated will override the first image saved on unit Nl. 

The CHANGE suboption allows the user to specify the unit numbers for 
any of the units used by the program and contained in the INUNIT array dis- 
played by the UNITS option. However, it should be noted that the CYCLE 
suboption, if used after the CHANGE suboption, will override any values 
for IMGUNT, IMG1, and IMG2 specified previously in CHANGE. This occurs 
because, as noted previously, the user cannot change the values of Nl , N2, 
and N3 and the CYCLE suboption cycles IMGUNT through Nl , N2, and N3 and 
sets IMG! and IMG2 to values of Nl and N2 as previously described, 

QUIT returns control to ASTEP. The selection of UNITS with QUIT is 
only used to examine the unit assignments without cycling (CYCLE) or 
changing (CHANGE) them. CYCLE and CHANGE upon completion return control 
to ASTEP. 
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UNITS OPTION 





SAMPLE 1 INPUT AND CORRESPONDING 

OUTPUT: 



FNtER ASTEP 

OPTION OR TYPF A BLANK 




>UN ITS 

_ 





U N 1^5 ■ tipi' I frN 




• - 





. . 

*•(( V J-Mttv* 

— — — • - • — --- 






N ■ 

♦ 3. 

M?, 


♦9 

*END 

* I NUN I T" 
IMGUNT * 

+ 9 




&Aru*T — «™ 

— — 

.... 

— 



OBSUNT - 

+ 7 




IStGFl » 

♦ t 

.. 


- 

1SIGF2 * 

*2 




tursn 

+TO - - 


— • 


IHISF2 ■ 

+ l 1 




l«GJ 

— +3 

' 

• — “ - 

- ■ - 

I Mg2 * 

+ 12 




OR S 1 « 

+ 8 



— 


SEND' " - 

CHOOSE OPTION FROM 

cycle - — CHANGE - QUTT 
>cycle 

* I NUN I T 
IMGUNT ■ 

OATUNT » 

OBSUNT ■ 

I5KSF1 
ISIGF2 ■ 
iMISFt '■ 

I H I SF2 “ 

ttrei ■»- — 

I MG2 • 

TIBS 1 

SEND 

the option u n its required .oshh seconds of cpu time. 


+ 3 
+ S 
♦ 7 

*2 
+ ro 
♦i l 
*3 - 
+ 12 
-+•8- 
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SAMPLE 2 INPUT 



IHg | 

- m s*- 
OBSl 


SEND 

CYCLE CHANGE QUIT 

"> C"H"< Wjp" 

*|NUN1T I Mg UN T , 0*T UNT i OrSUNT • I 

*1 NUN I T 

IMGUNT ■ ♦ | 2 

OATUWr — - *n- 

OBSUNT ■ ♦ 7 

I S 1 SF t — • *-t 

IS1GF2 » +2 


IH1 SF2 
t *8^ 
IMr,2 
OB5I 


+ 2 

♦'tO— 

*1 1 




TYPE YES IF INPUTS OY 

>YTS- • - 

TnE OPTION UNITS RE8UIRED 
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UNITS ENGINEERING DESCRIPTION 

UNITS does not require an engineering description - see flow chart. 
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units 




r OPTIOfWJUIT 


^ RETURN ^ 




UNITS 1 OF 1 
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Using the UPNEWS Option 


The UPNEWS option is used to create or modify the NEWS file (file 
name NEWS, qualifier TRW-T33710 mounted on unit 15). This option should 
be used only by ASTEP developers since the file is permanently changed. 

After UPNEWS is requested, the user is asked for INITAL, MODIFY, PRINT, 
or QUIT. If the user responds INITAL, the data to be stored is input next 
using the first 60 columns. The data is terminated with a QUIT beginning 
in column 1. The user then is asked to input INITAL, MODIFY, PRINT or QUIT. 
INITAL and/or MODIFY may be executed only once for each call to UPNEWS. 

If MODIFY is executed, the user inputs modifications in -N,M format 
similar to standard symbolic card modifications. Initial cards may be in- 
put immediately after the MODIFY card or after -0. The input example should 
clarify the -N,M format. The alters must be made in sequential order. The 
MODIFY option is terminated with a QUIT card and the user is again asked 
for INITAL, MODIFY, PRINT or QUIT. 

For the INITAL and MODIFY options the buffer size is checked to assure 
that the user does not overflow the buffer. 

If the user responds PRINT, the user must have executed MODIFY or 
INITAL first. The PRINT option prints the entire file with the sequence 
numbers and then asks for INITAL, MODIFY, PRINT or QUIT. If the user 
responds QUIT, the UPNEWS option is complete. Two samples of the UPNEWS 
option are presented to illustrate its use. In sample 1, the INITAL option 
is used to create a news file. The generation of the file is completed with 
the option QUIT. After the file has been generated, it is printed using the 
print option. In sample 2, the MODIFY option is selected and a card is 
added to the beginning of the file, the second card is replaced, a card is 
added after the third card, and the fifth and sixth cards are deleted. The 
PRINT option is then selected to print the results and the sample is ended 
with the QUIT option. 


UPNEWS- 1 



UPNEWS OPTION 

SAMPLE 1 INPUT AND CORRESPONDING OUTPUT: 


Enter astep option or type a blank 
>UPNEWS 


UPNEWS OPTION 
sa3#aa® = 3s a *aa 


UpNEWS OPTION REQUIRES FILE NAME NEWS TO dE ASSIGNED 
If not assigned Indicate quit, 

Quit from astep* assign news* and re-execute astep. 

Choose from inital, modify, print* and quit 

>INITA|_ 

Input data in first & q columns# terminate with quit 

> THIS is an EXAMPLE of a news file. 

> THIS LINE WILL riL REPLACED. 

> ADD a LINE AFTER THIS ONE# 

> AND DELETE THE 2 LINES FOLLOWING THIS ONE* 

> TO RE DELETED* 

> TO RE DELETED. 

> THE QUIT CARD TERMINATES THIS NEWS Flt_E INpuT. 

>0UIT 

Choose from inital, modify, print# and quit 

>pR I NT 

THIS is AN EXAMPLE Of A NEWS FILE. 

THIS LINE will Be REPLACED. 

ADD a LINE AFTER THIS ONE# 

AND DELETE THE 2 LINES FOLLOWING THIS ONE. 

TO be oeleted. 

TO BE DELETED. 

the gulT card TERMINATES THIS N E ft S FILE INPUT. 7 

Choose from inital, modify, print# and quit 

>qU!T 

the Option upnEws required *2430 seconds of cpu Time. 
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UPNEWS OPTION 

SAMPLE 2 INPUT AND CORRESPONDING OUTPUT: 


enter astep option ok type a blank 
>UPNEWS 


UPNEWS OPTION 


UpNENS OPTION REQUIRES FILE N A ME NEWS TO BE ASSIGNED 

if not assigned indicate quit, 

Quit From astep# assign news* and re-execute asiep* 
choose fnom inital, modify, print, and quit 
>mod ify 

modifications to news must be in -n*m format* 

Initial data follow -o or moOify card, 
modifications terminated by Quit card. 

> THIS CARD WILL APPEAR AT ThE BEGINNING OF TpiE nE»S FIlE* 

2 t 2 

> LINE 2 HAS BEEN REPLACED. 

P • 3 

> THIS CARD IS A SAMPLE ADDITION. 

>m% .6 

>qU I T 

Choose from inital, modify, print# and quit 

>pR I NT 

THIS CARD WILL APPEAR AT T Hf BEGINNING OF THE NEWS FILE, 1 


THIS IS AN EXAMPLE OF A NEWS FILE. 2 

LINE 2 HAS BEEN REPLACED. 3 

ADD a line after this ONE# H 

THIS card IS A SAMPLE ADOJTjON. S 

AND DELETE THE 2 LINES FOLLOWING THIS ONE. 6 

THE quIT CARD TERMINATES THIS hiEwS FILE INPUT. 7 

Choose from inital# modify, print# and quit 

>QU I T 


the option upnews required .23bo seconds op cpu time. 


UPNEWS- 3 



UPNEWS ENGINEERING DESCRIPTION 


UPNEWS does not require an engineering description - see the NEWS 
flow diagram. 
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Using the UVWRIT Option 


Upon entering the UVWRIT option the user must select one of the sub- 
options MSS DAT or IMAGE. Following this selection user is asked if he 
wants to have the universal output records printed before they are output 
onto a magnetic tape. User enters YES or NO and this completes the user con 
trolled input. Input and output unit numbers are set internally, but they 
may be changed by the UNITS option. 
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UVWRIT OPTION 

SAMPLE 1 INPUT AND CORRESPONDING OUTPUT: 


enter astep OPTION or type a blank 
>UV»RIT 


UVWRIT OPTION 


CHOOSE OPTION FRO m 
mssdat IMAGE 
>MSSD AT 

MSSDAT OPTION HAS BEEN SELECTED 

PRINT UNIVERSAL FORMAT OUTPUT - YES OR NO 

>YES 

PRINT UNIVERSAL OUTPUT SELECTED 
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riita iCfttr* 


UNIVERSAL HEAOEA R t CO HD 


START n 

OF 





MU 8 

TES DESCRIPTION 





l 

2 COMPUTING SYSTEM 10 

• 




U 

0 Tape library id 

• 




11 

SENSOR ID 

*51*2 



8 1 

DATE OF TAPI GCNtRAUDN OD MH YT 


0 

' D 

0 

8* 

Tape SEQUENCE ID 



0 


8* 

MISSION NUN8CR 



a 


87 

SITE 



D 


A* 

LINE 



0 


70 

RUN 



a 


»i 

0R8IT 



0 


71 

TIME Of FIRST SCAN 00 MM YY 


0 

a 

0 


HH MM SS .MS 


0 

0 

D 

>1 

CHANNELS ACTIVE 





lOOQOl DO 

ooi oODOODDDDoODOooODbooooooooDDoooaODOOoaoaoooQOoaanooQ 
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UVWRIT ENGINEERING DESCRIPTION 


The purpose of the UVWRIT option is to convert data (multi spectral 
data or image data) from internal ASTEP format to Universal format (Refer- 
ence 1). 

The MSS data coming into ASTEP may be in either LARS, ERTS or Universal 
format. It is converted in the DATDEF option into ASTEP internal format. 

The image data resulting from any of the classification options in ASTEP is 
also stored in internal ASTEP format. UVWRIT takes MSS data or image data 
(depending on the suboption selected by user), converts it to the universal 
format, and outputs it onto a magnetic tape. 

A new universal header is created using information obtained from the 
ASTEP header. In the case when original data coming into ASTEP is in univer- 
sal format, the existing universal header is modified when necessary to re- 
flect the changes to the original data structure (i.e., scan line length, 
skip factors, etc.). 

Next, all the records from ASTEP file are converted into universal 
format and stored on a magnetic tape. 

All information in the universal format is in a packed form based on 
an 8-bit bytes structure. The length of the header record is 3060 bytes 
(680 36-bit words). The length of each physical record following the 
header is variable, not exceeding 3000 bytes of information per record. 

Each record in universal format may contain one or more scan lines, or 
part of a scan line, depending on the number of pixels and number of chan- 
nels per scan line. For more information on universal format user should 
refer to the Format Control Book (Reference 1). 
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Using the QUIT Option 


The QUIT option returns control to the operating system. This option 
is normally executed when the run is to be terminated. Following execution 
of the QUIT option, the total CPU time required by the various options 
executed in the run is printed out. 
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QUIT OPTION 

SAMPLE INPUT AND CORRESPONDING OUTPUT: 
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4. SUBROUTINE FUNCTIONS AND DEPENDENCIES 


Table 4.1 gives a listing of all the subroutines and their basic func- 
tions. Table 4.2 displays the subroutine dependencies. 

Also included is a list of subroutines common to more than one ASTEP 
option with their flow diagrams, when appropriate. 
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Table 4.1 Subroutine Functions 


Subroutine 

ASTEPX 

ADDSIG 

ADPCLU 

ANGDIS 

ANGLE 

BEGFIL 

CESCA 

CHLSKY 

CLOS 

CLUSTA 


COMPAR 

CONVRT 

CPUTIM 

CUBIC 


Basic Function 

Main program or driver for the Algorithm Simulation 
Test and Evaluation Program 

Given two signatures, creates the signature of the 
union of the two signatures 

Driver for the adaptive clustering option 

Given a set of vectors, computes the distances and 
angles between each pair of vectors 

Computes the angle between two vectors 

Begins a spectral signature file 

Cluster elimination, splitting, and combining 
algorithm 

Inverts a positive definite matrix in double precision 
using a Chlesky factorization 

Given a set of vectors, determines the pair which are 
nearest to each other 

Adaptive clustering algorithm, 1st pass through 
develops cluster means using periodic elimination 
and merger tests, also has features of strip formu- 
lation and sequential search for strip assignment, 

2nd pass through develops classification map. 

Computes projections and angles used to compare 
two signature means and covariance matrices 

Performs alphanumeric and integer conversions for 
use with the PLOT routine 

Reads the system clock so that time to execute an 
ASTEPX option can be computed 

Passes a cubic equation through four distinct points 
and solves for the coordinates of the minimum value 
of the ordinate 
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Table 4.1 Subroutine Functions (Continued) 


Subroutine 

DATDEF 

DAVIDN 

DIF 

DIFIMG 

DISPLA 

DUMP 

EDIST 

EDTSIG 

EIGEN 

EIGSIG 

ERRPRT 

FA CAN L 
FAKTOR 


FEATS L 
FINT 


Basic Function 

Allows the user to define the data subset of the 
raw packed MSS observation data to be processed 

The Davidon Iterator, used to obtain the minimum 
of a function of several variables 

Differs two alphabetic images based upon an equiva- 
lence table defining equal alphabetic characters 

Driver for image saving and image comparisons 

Displays a line of alphabetic characters 

Translates into readable form and prints contents of 
a tape file 

Computes the distance between two vectors 

Driver for spectral signature file data manipula- 
tion routines 

Determines eigenvalues and eigenvectors of a symmetric 
matri x 

Computes the eigenvalues and eigenvectors for the 
signature in core storage 

Prints messages when error conditions or unexpected 
end of file are encountered while reading namelist 

Orders the eigenvalues and corresponding eigenvectors 

Computes mean and covariance matrix of a set of vec- 
tors, performs a factor analysis of the results, op- 
tion to save the mean and covariance matrix in signa- 
ture file 

Driver for the feature selection option 

Computes partial derivatives for use with the feature 
selection option 
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Table 

Subroutine 

FNDVID 

GOBORD 

GRYAPH 

HEADMD 

HEADRD 

HSGRAM 

ICD 

IMAGES 

IMTPRT 

INITCL 

INPSIG 

INTHDR 

ITRCLU 


4.1 Subroutine Functions (Continued) 

Basic Function 

Locates the first pixel of video data within a scan 
line 

Prints an image consisting of only border pixels or 
of only inside pixels 

Generates a gray level image via quantization of one 
channel and assignment of alphabetic characters to 
each level 

Modifies or creates header record in universal format 

Translates and prints certain information from header 
record in universal format 

Computes and displays a one, two, or three dimen- 
sional histogram 

Given a set of mean vectors and covariance matrices 
defining a set of spectral signatures, computes the 
inner class distance - in the likelihood sense - 
between each pair in the set 

Alphabetic image and subset display 

Prints a matrix of integers 

Initializes the mean vectors and weights for the 
clustering algorithms 

Reads in spectral signatures for use in maximum like- 
lihood classification - MAXLIK 

Allows user to process a data tape created by DATDEF 
which has been saved, reads the header record on the 
tape and initializes the appropriate variables in the 
program 

Driver for the iterative clustering option 
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Subroutine 

KJOIN 


LISFIL 

MATPRT 

MAXLI 

MAXLIK 

MINDIS 

MODIFY 

MPROD 

MSHIFT 

NCPRLO 

NEWS 

NOPROC 

NRPCLO 


Table 4.1 Subroutine Function (Continued) 

Basic Function 

Function that extracts a specified field of bits 
from one computer word and replaces this field in an 
image of the second word at specified bit position. 
Calls the following functions: KPOS, MLU, KSL, and KSR 

Lists the heading data for each signature saved on 
the file 

General matrix print routine 

Classifies data vectors according to a maximum like- 
lihood algorithm 

Driver for maximum likelihood processing 

Given a vector and a set of vectors, determines the 
vector in the set nearest to first vector and the 
minimum distance 

Computes weighted average of two vectors 

Performs double precision matrix multiplication 

Changes the method of storage for a matrix to be 
consistent with its dimensions 

Controls processing of data from universal format 
tape when each scan line requires more than one 
record, but one or more channels are in each record 

Provides a convenient method for communicating minor 
changes to ASTEP 

Skips over channels of a scan line which are not to 
be used while reading data tape in universal format 

Controls processing of data from universal format 
tape when each channel requires more than one 
record 
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Table 

Subroutine 

NSPRLO 

OUTREC 

PACK 

PLOT 

PRANDB 

PROCES 

PROJEC 

QF 

QUANTZ 

REDREC 

REDSIG 

REDSIH 

RETDAT 


4.1 Subroutine Function (Continued) 

Basic Function 

Controls processing of data from universal format 
tape when there is one or more complete scan lines 
in one record 

Packs data into 8-bit bytes and outputs full records 
in universal format 

Packs a storage array to eliminate a vacated slot, 
moves all vectors with index greater than index of 
vacated slot down one position in the array 

Given a set of x and y coordinates, creates a plot 
of the data 

Skips over ancillary data for each scan line of a 
universal format data tape 

Unpacks data from 8-bit bytes and converts it to 
floating point numbers 

Computes the vector projections required in COMPAR 
option 

Given a matrix and a vector, evaluate the quadratic 
form vector transpose X matrix X vector 

Generates alphabetic image array from data base via 
quantizing a single channel and assigning characters 
to each quantization level 

Reads a record from the input data tape in universal 
format 

Retrieves one spectral signature from the signature 
files 

Retrieves one or more spectral signatures from the 
signature files 

Retrieves record of data from tape 
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Table 4.1 Subroutine Function (Continued) 


Subroutine 
RET I MG 

SAVING 

SAVSIG 

SCALE 

SEQCOV 

SEQST 

SHUTLE 


STATIS 

SUBSET 

SYMINV 

THRDST 

TRNFLD 

TRNSFM 
UN I PRO 

UN I RED 


Basic Function 

Retrieves image and threshold arrays corresponding 
to a data record 

Saves, on tape, image and threshold arrays correspond- 
ing to a data record 

Saves a spectral signature in the signature files 

Creates the scale for the PLOT routine 

Sequentially calculates the mean and covariance of a 
set of vectors 

Sequentially calculates the mean vector and variances 
of a set of data vectors 

Computes the average and interclass divergences, 
selects the best k of n channels using a "Without 
Replacement" procedure 

Performs and prints factor analysis for given statis- 
ti cs 

Constructs and prints an image of a specified subset 
of classes or all of the classes on an image data file 

Inverts a synmetric matrix 

Updates the mean and variance of the threshold 
statistics 

Classifies data according to the field number so that 
training fields can be found conveniently 

Performs scaling or transforming on data vectors 

Unpacks data by converting each eight-bits to a separate 
integer value and prints the results 

Controls the conversion of data from the universal 
tape format to the internal ASTEP format 
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Subroutine 

UNITS 

UPPLT 

UVWRIT 

VATCI 

WRHMTX 

WRSTAT 

WRTDAT 

WRTSIG 


Table 4.1 Subroutine Function (Concluded) 

Basic Function 
Driver for the units option 

Updates priority or population list based upon num- 
ber of points assigned to each cluster 

Controls the conversion of data in internal ASTEP 
format to the universal format 

Assigns vectors to existing clusters, does not adjust 
means of existing clusters, updates weights, means, 
and variances associated with the actual assignments 

Reads or writes matrix onto temporary storage device 

Reads or writes given statistics onto temporary 
storage device 

Writes the pair of records which are used to make one 
entry in a data file in an unpacked ASTEP format 

Writes an input spectral signature in the signature 
core area 
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Table 4.2 
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COMMON SUBROUTINES 


The following subroutines are common to more than one ASTEP option: 


ANGDIS* 

REDSIG* 

ANGLE * 

REDS I H* 

EDIST* 

RETDAT* 

EIGEN 

RET I MG* 

ERRPRT* 

SAVIMG* 

FACANL 

SAVSIG 

HEADRD 

SEQCOV 

INITCL* 

SEQST 

MATPRT 

SYMINV 

MODIFY* 

THRDST* 

PACK * 

WRTDAT 


Flow diagrams are included here for those subroutines denoted by *. 
The flow diagrams for these subroutines are included in order to aid the 
user in understanding the ASTEP Program. 
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INITCL 




OPTION = OLD 
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RETURN 


) 


4-15 












MODIFY 



4-16 






PACK 



4-17 









REQS1G 



4-18 








































RETDAT 


ENTER WITH 

I FLAG 

= FIRST ENTRY OR REWIND 


AND HEADING RECORD FLAG 

MEJNIT 

= UNIT NUMBER 

X 

= STORAGE ARRAY FOR OBSER- 


VATION VECTORS 

NX 

= NUMBER OF VECTORS IN 


X AT OUTPUT 

ND 

= DIMENSION OF DATA VECTORS 
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SAVIMG 


ENTER WITH 


l 

I FLAG - INITIALIZATION FLAG 
NUNIT - UNIT NUMBER FOR IMAGE FILE 
IMG - IMAGE ARRAY TO BE SAVED 
THR - THRESHOLD ARRAY CORRESPONDING TO IMB 
NP - NUMBER OF PIXELS IN IMG 
IHUNIT - UNIT NUMBER OF FILE CONTAINING 
HEADER DATA 
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5. CONTROL CARDS 


This section presents some examples of the control cards required to 
execute ASTEP in both the batched mode on the EXEC 8 system and the inter- 
active mode on the EXEC 8 system. The control cards required depend upon 
the particular case to be executed by the user and no example can illustrate 
all of the possibilities; however, it is hoped that the examples presented 
will prove helpful as an aid to the user. 

In general, the following steps are required to run the program: 

Step 1: 

Preparation of the data for the run 
Step 2: 

Selection of program options to be executed and 

preparation of program to execute the options 

Step 3: 

Execution of program options 

The first two of these three steps involve assignments of files and/or 
tapes for data handling within the program, which is accomplished by control 
cards. The nominal file unit assignments used by ASTEP are given in 
Table 5.1. The user should be aware of these unit assignments when setting 
up and executing the program. 

In general. Step 1 requires the use of file units 4 and 7. The other 
unit assignments required depend upon the program options selected in Step 
2. Table 5.2 lists the nominal unit assignments required by the various 
options in the program. 

Tables 5.3 - 5.10 illustrate different examples of control card setups 
for batched runs on the EXEC 8 system. It should be noted that the symbol, 
0, in the examples is equivalent to a 7/8 punch in column 1 for card input. 
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Table 5.1 Nominal Unit Assignments 


Unit Name 

Unit Number 

Definition 

ISIGF1 

1 

Signature file 1 

ISIGF2 

2 

Signature file 2 

IMGUNT 

3 

Usual image file 

DATUNT 

4 

Data file in ASTEP format 

- 

5 

Card input file 

- 

6 

Printed output file 

OBSUNT 

7 

Packed MSS data file (LARSC, ERTS, 
and Universal formats) 

0BS1 

8 

Output file for CPYDAT option 

NUNT ( 3 ) 

9 

Special image file used by the 
DIFIMG option 

I HI S FI ) 

10 

Temporary scratch files used by 

IHISF2 i 

11 

HSGRAM option 

NUNT (2) 

12 

Special image file used by the DIFIMG 
option 

UVUNIT 

14 

Output file for the UVWRIT option 

NEWS UN 

15 

File used by NEWS and UPNEWS options 

IUB ^ 

16 

Temporary files used by the FEATSL 

IUC. 1 

18 

option 

IUD ' 

19 


NEWDAT* 

20 

Output file for TRNSFM option 


* NOTE: When the TRNSFM option is executed, it sets DATUNT = NEWDAT 

before returning control to the ASTER driver. 



Table 5.2. Program Options and Required Units 


Program Option 

Units Required (Nominal Values) 

ADPCLU 

DATUNT (=4) and IMGUNT (=3) 

COMPAR 

ISIGF1 (=1) or ISIGF2 (=2) or both 

CPYDAT 

OBSUNT (=7) and OBS1 (=8) 

DATDEF 

OBSUNT (=7) and DATUNT (=4) 

DIFIMG 

NUNT(2) (=12), NUNT{3) (=9), and IMGUNT (=3) 

DUMP 

UNITNO (Input to DUMP) 

EDTSIG 

ISIGF1 (=1) or ISIGF2 (=2) or both 

FACTOR 

DATUNT (=4), IMGUNT (-3) , and sometimes 
ISIGF1 (=1) or ISIGF2 (=2) or both 

FEATSL 

ISIGF1 (=1) or ISIGF2 (=2) or both 

HSGRAM 

I HI S FI ( = 10) and IHISF2 (=11) 

IMAGES 

IMGUNT (=3) or NUNT(2) (=12) or NUNT(3) (=9) 

INTHDR 

DATUNT (=4) 

ITRCLU 

DATUNT (=4) and IMGUNT (=3) 

MAXLIK 

DATUNT (=4) and IMGUNT (=3) 

NEWS 

NEWSUN (=15) 

QUIT 

(No files required) 

QUANTZ 

DATUNT (=4) and IMGUNT (=3) 

TRNFLD 

DATUNT (=4) and IMGUNT (=3) 

TRNSFM 

DATUNT (=4) and NEWDAT (=20) 

UNITS 

(No files required) 

UPNEWS 

NEWSUN (=15) 

UVWRIT 

DATUNT (=4) or IMGUNT (=3) and UVUNIT (=14) 


NOTE: When several options are used in combination, some unit numbers 

may change. 
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Table 5.3. Example of Control Card Set Required to Use a 
MSS Data File (Batched Mode - EXEC8 System) 


Cards 


Explanation 


@RUN,/R PSTRWX , 1490T-A025-C, TRW-T49144 


@QUAL TRW-T60655 
@A$G,A *LARSC1 . 
@USE 7 ,*LARSC1 . 


Run card 








Table 5.4. Example of 
to Use an I 


Cards 

@RUN,/R PSTRWX, 1490T-A025-C, TRW-T491 
@A$G,T ERTS. ,8C,T01440 


OUSE 7 ,ERTS 



0QUAL TRW-T33710 
0XQT *ASTEPT.ASXMAP 



ASTEP User input cards 



0REWIND,! ERTS 


@FIN 


ontrol Card Set Required 
TS Physical Tape 


Explanation 


Run card 


ERTS is an arbitrary file name, 
8C means that the tape is 7 
track (rather than 9 track), 
T01440 represents the number 
on the tape reel 

Assigns ERTS to unit 7 

Other unit assignments required 
by the ASTEP options to be used 
should be inserted here 


Loads ASTEPT which has previous- 
ly been saved under the qualifier 
TRW-T33710 and begins execution 


The ASTEP options input by the 
user. This set of cards always 
begins with an ASTEP option and 
ends with the ASTEP option, 
QUIT. 


Rewinds tape and tells operator 
that the user is finished with 
the tape. 


Terminates the input stream 
begun by the RUN card 











Table 5.5. Example of Control Card Set Required to Save a Tape Created 
by the DATDEF option from a MSS data tape 


Cards Expl anation 


@RUN,/R PSTRWX, 1490T-A025-C, TRW-T49144 

Run card 

@ASG,T ERTS. ,8C,T01440 
@USE 7, ERTS 

ERTS is an arbitrary file name, 

8C means that the tape is 7-track 
(rather than 9-track), T01440 
represents the number on the tape 
reel, ERTS is the input tape 

Assigns ERTS to unit 7 

@ASG ,T DATAUP. ,8C,X$AVE 
@USE 4, DATAUP 

Defines the output tape name 
(DATAUP) and tells the operator 

that the user wants to save DATAUP 

/ 

Assigns DATAUP to unit 4 


i 

f 

Other unit assignments required 
by the ASTEP options to be used 
should be inserted here 

0QUAL TRW-T33710 
@XQT *ASTEPT.ASXMAP 

Loads ASTEPT which has previously 
been saved under the qualifier 
TRW-T33710 and begins execution 

— J 1 

The ASTEP options input by the 
user. This set of cards always 
begins with an ASTEP option and 
ends with the ASTEP option, QUIT 

ASTEP User input cards 




0REWIND.I ERTS 
@REWIND,I DATAUP 

Rewinds the tapes and tells oper- 
ator that the user is finished 
with the tapes. 

0FIN 

Terminates the input stream begun 
by the RUN card 
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Table 5.6. Example of Starting With a Tape Created by DATDEF 
From a MSS Data Tape and Saving an Image Tape 


Cards Explanation 


@RUN,/R PSTRWX, 1490T-A025-C, TRW-T49144 

Run card 

0ASGJ DATAUP. ,8C,A12345 
OUSE 4, DATAUP. 

DATAUP is an arbitrary file 
name, 8C means that the tape 
is 7 track (rather than 9 track), 
A12345 represents the number 
on the tape reel, DATAUP is the 
input tape previously created 
by the DATDEF option 

Assigns DATAUP to unit 4 

OASG.T IMAGES. ,8C,XSAVE 
@USE 3, IMAGES. 

Defines the output tape name 
(IMAGES) and tells operator 
that the user wants to save 
IMAGES 

Assigns IMAGES to unit 3 

f 

Other unit assignments required 
by the ASTEP options to be used 
should be inserted here 

OQUAL TRW-T33710 
@XQT *ASTEP.ASXMAP 

Loads ASTEP which has previously 
been saved under the qualifier 
TRW-T33710 and begins execution 

' i 

The ASTEP options input by the 
user. This set of cards always 
begins with an ASTEP option and 
ends with the ASTEP option, QUIT 

ASTEP User input cards 

i 

@ REWIND, I DATAUP 
@REWIND,I IMAGES 

Rewinds tapes and tells operator 
that the user is finished with 
the tapes 

@FIN 

Terminates the input stream 
begun by the RUN card 
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Table 5.7. Example of Copying a Subset of a MSS Data 
Tape on to a File 


Cards Explanation 


@RUN ,/R PSTRWX, 1490T-A025-C, TRW-T45116 

Run card 

@ASG,T ERTS. ,8C,T01440 
0USE 7, ERTS. 

ERTS is an arbitrary file name, 

8C means that the tape is 7 track 
(rather than 9 track), T01440 
represents the number on the tape 
reel, ERTS is the input tape 

Assigns ERTS to unit 7 

0ASG,RP CP Y DAT. 
@USE 8, CPYDAT., 

Defines the output file name as 
CPYDAT and designates a public 
read-only file 

Assigns CPYDAT to unit 8 

1 

Other unit assignments required 
by the ASTEP options to be used 
should be inserted here 

0QUAL TRW-T33710 
@XQT *ASTEPT.ASXMAP 

Loads ASTEPT which has previously 
been saved under the qualifier 
TRW-T33710 and begins execution 

f 

The ASTEP options input by the 
user. This set of cards always 
begins with an ASTEP option and 
ends with the ASTEP option .QUIT . 

ASTEP User input cards 

t 

@ REWIND, I ERTS 

Rewinds tape and tells operator 
that the user is finished with 
the tape 

0FREE CPYDAT 

Catalogs the new file CPYDAT 

@FIN 

Terminates the input stream 
begun by the RUN card 
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Table 5.8. Example of Reading a File Created by the 
CPYDAT Option with DATDEF 


Cards Explanation 


0RUN./R PSTRWX, 1490T-A025-C, TRW-T63798 

Run card 

@QUAL TRW-T451 16 
0ASG.A *CPYDAT. 
QUSE 7 ,*CPYDAT. 

The CPYDAT file, created in 
example 5.7 under the qualifier 
TRW-T451 1 6 , is assigned to 
unit 7 

@ASG,T TEMP. 
@USE 4, TEMP. 

Assignment of temporary file, 
TEMP, for use by the DATDEF 
option 

Assigns the TEMP file to unit 4 



Other unit assignments required 
by the ASTEP options to be used 
should be inserted here 

0QUAL TRW-T33710 
@XQT *ASTEPT.ASXMAP 

Loads ASTEP, which has previously 
been saved under the qualifier 
TRW-T33710, and begins execution 

ASTEP User 

[ 

input cards 

f 

The ASTEP options input by the 
user. This set of cards always 
begins with an ASTEP option and 
ends with the ASTEP option .QUIT. 

@FIN 

Terminates the input stream 
begun by the RUN card 
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Table 5.9. Example of Saving a Signature File 


Cards 

Explanati on 

@RUN,/R PSTRWX , 1490T-A025-C , TRW-T49155 

Run card 

@QUAL TRW-T60655 
@ASG,A *LARSC1 . 
OUSE 7 ,*LARSC1 . 

MSS LARSC1 data is saved on 
unit 7 under the qualifier 
TRW-T60655 

@ASG,P SIGSIG. 

Defines the output file name 
as SIGSIG and makes it a public 
(P) file and assigns it the 
qualifier on the RUN card 
(TRW-T491 55) 

OUSE 2, SIGSIG 

Assigns the SIGSIG file to unit 
2 

1 

Other unit assignments required 
by the ASTEP options to be used 
should be inserted here 

OQUAL TRW-T33710 
@XQT *ASTEPT.ASXMAP 

Loads ASTEPT, which has been 
previously saved under the 
qualifier TRW-T33710 and begins 
execution 

t 

ASTEP User inputs 

t 

The ASTEP options input by the 
user. This set of cards always 
begins with an ASTEP option and 
ends with the ASTEP option .QUIT 

0FREE SIGSIG 

Catalogs the new file SIGSIG 

0FIN 

Terminates the input stream 
begun by the RUN card 
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Table 5.10. Example of the Use of a Previously Saved Signature 
File by a Different User Than the User who Created 
the File, and Creation of a New Signature File 


Cards Explanation 


@RUN,/R PSTRWX, 1490T-A025-C, TRW-T63754 

Run card 

@QUAL TRW-T60655 
@ASG,A *LARSC1 . 
@USE 7 ,*LARSC1 . 

MSS LARSC1 data is saved on 
unit 7 under the qualifier 
TRW T60655. 

@QUAL TRW-T49155 
OASG.AX *SIGSIG. 

@USE 1 ,*SIGSIG. 

Makes the signature file (SIGSIG), 
which was created under the 
qualifier TRW-T49155, available, 

X denotes exclusive use. , 

Assigns the SIGSIG file to unit 
1 

@ASG,P WRTSIG. 
@U$E 2, WRTSIG. 

Defines the output file name as 
WRTSIG and makes it a public (P) 
file and assigns it the qualifier 
on the RUN card (TRW-T63754) 

Assigns WRTSIG to unit 2 

E 

Other unit assignments required 
by the ASTEP options to be used 
should be inserted here 

@QUAL TRW-T33710 
0XQT *ASTEP. ASXMAP 

Loads ASTEPT, which has been previ- 
ously saved under the qualifier TRW 
T33710 and begins execution 

' f 

The ASTEP options input by the 
user. This set of cards always 
begins with an ASTEP option and 
ends with the ASTEP option, QUIT. 

lASTEP User input cards 

i 

0FREE WRTSIG 

Catalogs the new file WRTSIG 

@FIN 

Terminates the input stream 
begun by the RUN card 
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6. EXAMPLE ASTEP RUNS 


This section presents two example ASTEP runs which demonstrate the use 
of several ASTEP options. Both examples were run from a remote terminal on 
the UN I VAC 1110 computer using the EXEC 8 system. The interactive mode 
illustrates user and program responses. In examining the examples, it is 
noted that the system types the prompting character > in column 1 when it 
requires a user input. 

For both examples, a block of data was selected from the LARSC1 file 
for analysis. In order for the user to better understand the results of 
the example ASTEP runs, it is felt that a brief description of the data 
set selected for the examples would be appropriate. 

The LARSC1 file contains 12 channel multispectral scanner data taken 
from the Cl flight line of test area C in Tippecanoe County, Indiana 
(Reference 12). For the examples, a block of data was selected corresponding 
to an area that contained sharp, well defined boundaries between agricul- 
tural crops that appeared individually homogeneous in a photograph of the 
area. The block of data selected consists of elements 10 through 91 on scan 
lines 600 through 681 of the Cl flight line. An annotated photograph of the 
area is provided in Figure 6. of Reference 12. Examination of the photograph 
shows the following: 

• The upper left-hand corner is a corn field. 

• The upper right-hand corner is a pasture. 

« The lower right-hand corner is a soybean field. 

• The lower left-hand corner is a wheat field. 

• A straight road runs from top to bottom separating the 
corn and wheat from pasture and soybeans. 

• There may also be a road from left to right just be- 
low the corn and pasture. 

A sketch of the scene is shown in Figure 6.1. 
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Figure 6.1 Sketch of the ground scene 


For this analysis every other element and scan line was skipped such 
that a total of 1681 data vectors were considered. 

EXAMPLE ASTEP RUN 1 

In the first example run, the data set is classified using three ASTEP 
data classification algorithms (ITRCLU, ADPCLU, and MAXLIK) . The data is also 
classified using the QUANTZ option. The results of the various classification 
options are displayed using the IMAGES option, and the differences between 
various images are displayed using the DIFIMG and IMAGES options. Based on 
the preceding analysis of ground truth data, it is expected that the classi- 
fication schemes in ASTEP would classify the 1681 data points into 4 or 5 
major classes. 
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EXAMPLE ASTEP RUN 2 

In the second example run, training fields are selected from the four 
sub-fields comprising the entire data set. These training fields are shown 
in Figure 6.2. The signatures (i.e., means and covariances) of the training 
fields are then computed and saved on a temporary file. Next the entire 12 
channel data set is classified using the maximum likelihood classification 
scheme (MAXLIK). The results of this classification are displayed using the 
IMAGES option. 

Next the best 4 of the original 12 channels and the best 4 linear com- 
binations of the original 12 channels are computed using the FEATSL option. 
The two transformations for these subsets are computed and saved on a 
temporary file along with the transformed signatures. The entire 12 channel 
data set is then transformed and saved on file using both transformations. 
Both 4 channel data sets are then classified using MAXLIK and the results 
displayed using the IMAGES option. The differences between the image 



Figure 6.2 Location of training fields 
in ground scene 
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corresponding to the 12 channel MAXLIK classification and the two images 
corresponding to the MAXLIK classification using the best 4 channels and the 
best 4 linear combinations of the 12 channels are displayed using the DIFIMG 
and IMAGES options. 

The user may note the differences in computation times between the 
MAXLIK classification of the 12 channel data set and the 4 channel data 
sets. 

The examples presented in this section are not difficult or time 
consuming to run. Thus, it is suggested that the new user consider dupli- 
cating all or part of Example 1 and Example 2 on a terminal in order to 
become acquainted with the terminal response and methods of input. 

The ASTEP program is designed to essentially "talk" the user through 
a run. If the program requires an input, it will normally type an instruc- 
tion or list choices. In the case of input, the program will type the 
first namelist card and the variables which need to be input. As was men- 
tioned previously, when the system requires a user input, the prompting 
character > will be typed in column 1. 
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3 USER I D/PRSSUDRD 


EXAMPLE ASTEP RUM 1 


♦DFiTPDV US€P I B/Pft$ SWDRB ENTRY 

♦UNIVAC l l 00 OPERATING SYSTEM VER. 31 . 159 .206EA<RSI >♦ 
>3PUN AGTRldl » 1 490T-A025-C >TRW-T6 0655 
IlATE : 042874 TIME: 152239 

>3USE ft. tTPW-T337l04TRMDAT . 

RE ftP Y 

>SRSG»ftX ft. 

READY 

✓JCDPYtA A,*TPF$. 

FURFUR 0026-04/22-13:23 


1 ftBS 
>3FREE ft. 

READY 

>9USE ASTEPT. pTPFS. 

READY 

S 9USE L . » TRU-T6 0635*L ARSC 1 . 
READY 

>3 AS A. AX L. 

READY 


^USE 7 »L . 

READY 

>^ASG»T 1 . *F 
READY 

!>9ftS'5*T 3 . jF 
READY 

♦iflSS.T 4..F 
READY 

>3HS6«T 9 . »F 
READY 

>3flSGfT 12. -F 
PEftPY 

>3X0 T ASTEP T.ASXMftP 


In Example 1, a block of data contained in the LARSC1 file 
Is classified using three classification algorithms (LTRCLU, 
AOPCLU, and MAXLIK). The LARSC1 file i$ assigned to unit 7. 

The temporary flies I, 3, 4, 9, and 1 2 are assigned because 
they are required by the various ASTEP options executed in this 
run. 


ALGORITHM SIMULATION TEST AND EVALUATION PROGRAM 
<RSTEP> 

ASTEP VERSION APR 5 »I974 

CHOOSE PRINT CONTROL FDR RUN FIS 
ECHO NOECHO 
MDECHO 


ENTER * S TCP OPTION OR TTPC * blank 

>datoef h_ 


D*T0£F OPTION 


The OATDEF option is called first in order to define the 
block (or blocks) of data In the LARSC1 file that the user 
vrishes to process, and to input the data to the program, 


■InOATo NflCLb* iTPfNTt ITPNO, A» B , K» IDEVtE 

> MNLAlfc NF l ELD* I , J T pFrtT « 1 » 1 T I . A-ZSS * , «■- J . , I , i , 9 ♦ J 2 * 

NFIELO 1 JTPFMT I ITPNO j * 2 SS,q B -1.0 IDfYcC Q 
CK*N*£ L $ SELECTED, 1 * 9 12 

TFPC Trs IF INPUTS **£ OK 
>T£S 

SlNFLOp ISTaRT, ISKIPi t jNCidSTANT,JsKlP»J]NC 

> *i«fLoo isTxs r-*uo , i sx i p-i , i i < c j , jsi jskip«i , ji«c‘euj 
INPUT 1 FIELD DAT* 

FIELD /START ISKlP 1 1 N c JSTaRt JSK(P JlNC 
1 BOO 1 BO ID | 80 

type tcs if Inputs arc ok 

>YE5 

THE OPTION OATpEf REQUIRED 5,5898 SECONDS Or CPU Tint. 



PBESFIl 

BEGFIL OPTION HAS BEEN SELECTED* 


Later in the example, the data is going to be factored 
and various signatures saved. However, before this can be 
done, it is required that a temporary file first be opened 
up. This is done by calling EUTSIG and using BEGFIL to 
begin a file. In this case, the file Is on unit 1. Had 
a cataloged file containing signature data been assigned to 
unit 1, then this E0T5IG and BEGFIL operation would not be 
required. 


CHOOSE FILE NUMftEN F«OH l 2 
>1 

CHOOSE c o T s 1 « OPTION FROM 

BEEFrc SAVSIG RE05I6 WftfSlG 
LISFIl ADDSIE EIGSIG PRTslfi 

SUIT 
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>Bon 

BUTT OPTION HAS BEEN SELECTED 

the option edtsig required 


.cm seconds or cpu time. 


ENTER isTCP OPTION OB T TPE A BLAu* 
>|TRCLu * .... 


ITSCLU option 


The data is first classified using the iterative clus- 
tering algorithm. This algorithm is activated by the ITRCMJ 
option. 


.-i .u 


• IN! Tftt T] |T2«NH!N>KVNHAkt SEPt I50OAT ( ](>ISF*StPt IP 

» U> 11*1 I I " h • j, * r / *S * 1 ^ * i 
> nn | | 5LP» I • , J »> I 'Jf * * * *•- 1 ■ 

MNItRc 

•BOOODOOoE«01 

»B&DD0DOoC»O| 

♦ s 
♦ 20 

. jsoooooat*o i 

♦ i 


Tl 

12 

«H I N 
NVMMAI 

SEP 

ISOOAT 

loisr 

s 

p 

ip 


♦ i 

lOOOOQOat + O I 

lOuoooaaf ♦□ i 

♦ i 


• END 

TYPE Y r 5 If INPUTS 0* 

>YES 

ENTER SPL I T/COHB INE 15C» SEQUENCE 
>I5$SSCSCS 

CHOOSE VALUES POP 1 N I T ( *L I 2 A T | ON PpON 
ZERO OLO HE* 

»2C«Q 

•*••• ITERATION l-S • 


ITERATION 

J, CLUSTER 

i , position 

3, 

SPLIT, 

N y H 

m 



J TERATION 






i terat r on 

2* CLUSTER 

j , position 

3, 

SPLIT, 

N y H 


I TenAY | ON 

2* CLUSTER 

2 , n D 5 i t i am 

H t 

• PUT, 

H V N 



ITERATION 






ITERATION 

2* CLUSTER 

i, position 

it 

split. 

NyM 



IURATIUN 






ITERATION 

Ht CLUSTER 

i , position 

2» 

SPLIT, 

Ny M 


•••«< 

HERAT I UN 






ITERATION 

S, CLUSTER 

i» position 

3. 

SPLIT i 

NyH 



iteration 

4-C **•*. 






IItN*T ION 
I TtnAT |0N 

ITERATION 

ITCPAT ION 

• ••«» 


A CLUSTERS 
A CLUSTERS 

ITERATION 7*5 

ft CLUSTER 
ITERATION 4-C 
0 CLUSTERS 
ITERATION V-S 


7 HERBfDi NVM 
4 NERQEO. Ny h 


I AwO 

s and 

. position 

1 AND 4 MERG'D 
• ••** 


it SPL IT i NyK 


iteration 

9, CLUSTER 

i, posit 

ION 3, 

SPLIT, 

**„• 

ITERATION |Q 




CLUSTER 

symbol 

SIZE 

R MEAN R 

S|«N4 

diFf 

I 

A 

2* 

IS, 12 

4,0A 

14.17 

2 

B 


4.** 

3. *7 

»QD 

3 

C 

S24 

4.4* 

2.7S 

.00 

4 

u 

17* 

4.6? 

3.S* 

.00 

5 

t 

2<*> 

«.*4 

4. 34 

1*14 

4 

F 

43 

U. *7 

3.S7 

IS. *7 

CHOOSE OPTION f 

ROh 




MEAN* 

ANCD I 

5 QUIT 

SIQhAS 




lhe JTRClU option clustered the data Into six clusters. 
The various clusters of points are output with the cluster 
symbol and size. 


>QU!T 

The option itrclu required 


2*. 272* SECONOS Or CPU T|h|. 


ENTER ASTEP option OR type a blank 
>IHA&Es - 


The IMAGES option is called to display the results from 
tne LTRCLli option. 


I * AGES OPTION 


SELECT INAoES OPTION F»ON 


STATUS 

ECHCLS 

)S t a TU g _ 

INUNI f 
SUBSET 

THRESm 

border 

symbol 

INSIDE 

*LLCLs 

INBUIt 

IMUNIT ThRVAL N 1 Nr LI 

[Field 



3 2**, 

|0 1 

0 0 

0 0 0 

0 0 0 0 o 

CLASS 

CLASS 

IMAGE 

number 


t'uHecft 

symbol 

symbol 

or piaels 


i 

A 

A 

2t 


2 

6 

B 

*3* 


3 

C 

C 

*21 


4 

0 

D 

* 74 


s 

E 

C 

2*7 


4 

F 

F 

43 



The STATUS suboption displays the class symbol, Image 
Symbol, and nurtier of pixels in each class on the image unit 
(in this case unit 3j . 


SELECT IHAGES OPTION fROH 


STATUS 

ECHCIS 

>THRE5w 

IMUNIT THRESh 

SUBSET BOROEr 

SYMBOL 

INSIDE 

allcls 

IMBUJt 

The 

THRESH subaption is 

Ifin Pi yal c kiS th A 

used to change the threshold 

a ro 3 t q r us 1 i |A js y*o t .*1 nA rfl A 

• iHTHRf THRVAL, N|NR IX ,IFIELO 




ItHJ, rixeis W 1 in a 

kjrcEiLcr v a i uc dre lynurea* 


> « l ** T HRfc | 111 v A l ♦ 1 U J« V 
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■iRTHRf 
THRVAL « 

. 100000001*02 





HInPII rn 

*1 





IFtfLO - 

♦0. 


♦ a. 

*0. 

♦o» 


♦0. 


*0. 

*0, 

♦0. 


♦0. 


♦ 0 



41 NP 

Type tfs I f 
>»[» 

INPUTS arc CORRECT* 





SELECT IhaqES OPT JON f RON 





status 

IHUMT THRESh 

STHBOl 

ALLCLt 



cchcls 

.iltfl . — 

SUBSET BORDER 

1 NS J DE 

1 MflU ] T 

_ J 

The ALL CLS suhoption displays the pixels in all classes 
in one image. The class of each pixel is Indicated by its 


image symbol . 


|HA*E fflU rltitl 1 

111 tl»2l2^JlM<lMt|Si|«imT7777l«lMf 

400 OOOOOOOCOOOODDDDDDC*Bfl8»etBilit«ilB«l«Btl 
402 ODODODDDDpPDOtJODDCfiiMOOftSMlftBftBMlMtM 
404 DOODDOOOOODDDD[>[>DC«MeBBaB|B«t »•»•••••••• 

404 DOOODDOOODOOOODOOODaBttBBBBitBBaiBBBBiBBB 
404 DODDDDDPbDDDOOOOPCMMBBaaaBMBaaftBMBtIB 
410 ODDDDDDDODDDODODOCOiBBBBlBaBBBilBBBlBiBBB 

412 doddddoddoddoodoooobbbdbbbbbbibbbbbbObbbb 

4 1 4 * OODODOODDDOODDDODCOBfiBSBBBBBBBBBBiBBBBBBB 
414 OODODODDDDDDOOoDQCOOBbBBBBBBBBBBBOBBBBBBB 
4 I • OODCDDDOODDDODDOOCDBBbBBBBBBBBBBBBBBBbBBB 
420 OOCOOOODOQDDODDOODpBBBBBBBBBBBBBSBiSBBBBB 
422 OODOCCDSODDDOOpOOOOBBBBBBBBBBiBBBBBBBBBBB 

424 odddcdodOpddQdodpdcbbbbbbbbbbbbbbbibBbbbi 

424 DOdDDDDDOuDOQOdDOOCBBbBBbBBBBBBBBBBBBbBBI 
424 DOODDDOODDDQDODOPOCBBBBBBBBBBIBSBBIBBfttBD 

4 J 0 oodddoddddocioodoopcbbbbbbbbbbbbbbbddbbpdd 

422 ODDDODOOODPDOpoDODCBBBBBbBb4B4BBbDb|DDPDD 
424 OPDODOSDPDOOOOOOpOPBBBlBBBBBBBBBBBPtODOOB 
424 ODCDOoDpDDPODDpODDpBlBBBtBBBBBiaBORBDDOOO 
424 OpppODODOODpOOppooCBBBBBBBBiBBBBDPDDDbODD 
440 OPDOODOOOOPODPDODOCBBB4BBBRBBBBDPODOODDCP 
442 DODOPODDPDODOOOODOCBBBBiBBBBflDCECODOOOCCC 
444 DDOOOCOOOOeOOeoOOPC»»»4lBBDDOOaDBCODOOOOK 
444 ({CCErrCEEAAAAlAArDDCceCCCCCCCCCCCCCCccCC 

44* ttitimmcfrrmcccccccccccccccccccua 

410 UECfnmE|7F*FnCCCcCCCCC<CCC«CCCCC£Ct 
412 CCEEfFrECtrFftEirAECCCCCCCCCCCCCCCCCCcCCC 
4i4 EttFFFr AtAFEEECF AAf CCCCCCCCCCCCCCCCCCCCCC 
414 EUFFErrrFEEEriFAAFCCcCCCCECCCCCCCCCCCCCC 
444 tEEFFFFIEECEE(E{»FFCCCCCCCcC(CCCCCCCCCCCC 

440 (FFFFACEUCCKlAr Acrcccccccccccccccccccccc 
442 cecccEFcriErrrAFAAFcccceccccccccccccccccc 

444 EEEEEEEKtllFtriFFrCCCCCCCCCCCCCCCCCCCCCC 
444 CCCCCCCCCIEEIEtttCCCCcCCCCCCCCCCCCCCCCCCC 

441 ECUCEtCftEEtCEECEECCcCCCCCCCCCCCCCCCCCCC 
420 CEECECEVCCCEECEFAFFCCCCCCCCCCCECCCCCCCECE 
422 kceeceececfeeaeCeeccccccccccccccccccccccc 
424 CCEECECtCCEtCtCEfEECCcCCcCCCCCCCCCCCCCCCC 
474 CEECEEEEtCCrFtEFAArCCCCOCCCCCCCCCCCCCCCCC 
471 EEEEEEEEEECEElECtEECCcCCCCCCCCCCCCCCCcCCC 
AlO ECCCtEEEEEEEKErCtEECCcCCCCeCCCCCCCCCCcCCC 


SELECT IMAfiO OFT ION FROM 

STATES IMUpHT ThbeSh jTMBa*. ALLCLc 

ECMCLS subset BORDER INSIDE I h y U 1 t . 

> ] hqU l t — — 1 ■ The IMQUCT suboption terminates the IMAGE option. 

The Oat I On 1 M ABC 5 REQUIRED .5474 SECONDS Or CPU T J Wt . J 


CNT|» AS Tf p OPTION OR T 7 FE A BLANK 
AFAC201 ,» 


FACTOR OPTION 


INPUT SYMONS for classes. 

>6 

ttpe vts to print statistics for class b 
»»eJ 


FACTOR ANALYSIS for « 

choose initial statistics troh eero or file ( or quit 

>2ER0 

2ER0 HAS SEEN CHOSEN* 

Nf AN 1 By 4 

12 2 4 


| 74.712 


42.824 54*017 IIQ.2&I 


I 


S I UNAS l By q 

1 2 2 


4 


2*040 1.414 


1*404 7*254 


The FACTOR option fs called to compute and save the 
signatures (i.e.* the mean vectors and covariance matrices) 
of the clusters formed previously by ITRCLU. The signatures 
are saved on unit 1. The signatures for clusters B, C, and 
0 are saved under tne names S1GA, SlGS. and SIGC respectively. 
The signature for clusters A f E, and F are combined and saved 
under the name S[GO£. 
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covrat 

4 By *i 



1 

2 

3 

4 

1 


*114 

♦ 1ST 

-•Ilf 

2 

• 043 

2*07 1 

♦ 344 

• 045 

1 

| « 428 

1*012 

1*613 

-*2«0 

4 

-2»*00 

1*004 

-1.42? 

54* 102 



ARRAY 

4 8 Y H 



l 

2 

3 

4 

1 

54*400 

<1*1 

*«S| 

52* 1 1 1 

2 

5*440 

♦ OR* 

• 43* 

41*240 

J 

2 • T 1 2 

♦ O'l 

*4 74 

■ *u*4S 

4 

»OT| 

• 021 

I *oOO 

77*11 1 



ET6CKV 

4 8t H 



X 

2 

1 

4 

1 

• *os« 

.720 

*•*641 

* 00 A 

2 

*0| 7 

*147 

♦ 175 

♦ •54 

i 

-■07* 

• ill 

*627 

-♦50* 

4 

<445 

.0*4 

*002 

-•054 


TYPE Uj to SAVE SIGNATURE 

>rrs 

C H 00 St rtLt NUHBCR r«0M 1 2 

>1 

input maHE TO SAVE DATA UNOtft 
>SI«A 

SIGNATURE 51&A MAS Seen saved on unit I 
SI 6* NO • 4 * • I * f 12 

NUNM) . 418 

INPUT SyNSOlS for classes* 

>c 

tvpc yes to print statistics ton class c 

>N0 

FACTO* analysis for c 

CHOOSE INITIAL STATISTICS FROM ZcRq 0* FILE* OR RulT 
>Z(*0 

ZERO H«s SEEN CHOSEN* 

TYPE TEi TO SAVE SIGNATURE 

>rt5 

CHOOSE FILE NUN9ER F«OM I 2 
>1 

INPUT naHE TO SAVE D*Ta UNDER 
>Sl «8 

signature sigb has seen saved 0 n unit i 
S 1G8 ND ■ U ■ 1 A T ll 

HUM I I I . * 2 * 

INPUT %yHBOLS FOR CLASSES* 

>0 

type yes TO PRINT STATISTICS FOR Cl*SS 0 
>YES 

FACTOR ANALYSIS FOR 0 


CHOOSE INITIAL 

STATISTICS 

FROM zero 

OR FILE 

>2 E A 0 





ZERO 

has «£EN 

CHOSEN* 





HE A N 

1 By 4 



l 

2 

3 

4 

J 

A3*s«6 

BS.40B 

*1 • 162 

•1.195 



5 IGHAS 

1 Or h 



t 

2 

3 

4 

1 

1*464 

2*21 J 

2*750 

5-0*7 



COvnaT 

4 BY h 



1 

2 

3 

4 

1 

13-426 

0*4 

♦ M4 

-.50* 

2 

3*141 

4*ae« 

*622 

* oss 

3 

1*147 

3*779 

7*561 

-.074 

4 

-10**68 

*706 

-1*145 

34*107 



ARRAY 

i It i« 



‘ 

2 

3 

4 

1 

34*032 

• 649 

*649 

76*547 

2 

12*105 

♦ 20 1 

-850 

15*645 

3 

7* AO 7 

*126 

- 976 

97*591 

4 

1*440 

*024 

i *non 

87*755 



E 1 (i EN V 

i ly 4 



1 

2 

3 

4 

1 

-.345 

*5*8 

-•6*1 

-*291 

2 

-*024 

*558 

•112 

♦ ■14 

1 

-.052 

♦ 512 

* *48 

--477 

4 

•417 

• 204 

-•741 

-111 


TYPE Y F S TO SAVE SIGNATURE 

>Ycs 


CHOOSE FILE NUMBER F»Oh | 2 

>1 



iMruT TO SAVE OAT* UNDE* 

ijgnaT(i»e sn»c has been saved on unit , 

S I GC nO • 4 K ■ I * 9 1 2 

NUH ||) • 47* 

INPUT 5 YH 8 OLS FO* CLASSES. 

>»tr 

1 TPF Yrs TO PRIM STATISTICS FOR Ct»SS A£F 

,t f 4 

factor analysis fON aef 

CHOOSE INITIAL STATISTICS FROm ZfRo OR FILE, OR «ulT* 

»l!*0 

EERO *»5 BEEN CHOSEN* 

HE** I 6 T 4 

12 3 4 

| I Di • l N 2 IQ1-242 TO.lfti 

SURAS 1 Br «« 

I *31 

1 J.css lO.liA lOOH TUB* 

I 

covraT h «y h 

l 2 3 4 

| 9.131 *712 *WI .*01 

2 ?2«|S$ 1 0 3 ♦ 7 S s *Bf6 .**• 

3 Iflll * 4 . 7*5 ID 7 .BNI .791 

4 [J.9J0 **.302 *2*308 S7«S4t 

ARHAT 4 BT 4 

12 3 4 

1 241.937 *B94 .§94 I*. 424 

7 |*. 129 • 0 5 I *9S2 *4.**4 

3 *. *4* .Q3S »4«* *3.379 

4 S.74S .014 t«gQO 71. US 

ETOINV H BY 4 

12 3 4 

1 .131 » I * B .4]3 . §as 

2 « A 30 .1*3 * 627 -.420 

2 .*J1 - ■ ** 7 -♦ Jl J * 1 BZ 

4 .431 » 4 * J -.SB3 -07* 

TIPT Yrs To Save SIGNATURE 
>TES 

C H no 5F Flt.c NUHBEH FNOh 1 2 

>1 

INPUT va*E TO SAVE DATA VINUE« 

’SIGOE 

SIGNATURE SUOE HAS BEEN SAVL'D on UNIT ) 

SIgOE Rfi • 4 K - J * 9 |2 

NUNM1 • 139 

INPUT PYM 6 ULS FOR CLASSES. 

The nptlON Factor REQUIRED 2.3770 SECONDS Of QPV TJRE. 



The UiUTS option Is called to cycle the i nidge unit num- 
ber. The image generated by ITRCLIJ currently resides an 
image unit number 3. 


UNITS OPTION 


1 A V | MU 

N * * i i ♦ 1 2 » 94 

*Eno 

•JNUNJt 

INfiuNT - 4J 

DAT V)NT * *-9 

OBSUNT m *7 

1 S J GF l * M 

IS I GF2 ■ 42 

iNisri - + 1 o 

l H i SF 2 • ♦ l t 

1"C1 • 

I H G 2 • *0 

ohsi * ♦ e 



*Fno 
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ThE 0 pj \0* UNITS AC 0U t RED 


onbr seconds o F cPu time 


ENTER i$TEP OPTION OP TYPE A »LAn* 
>ADPCln - 


THe data is classified using the adaptive clustering 


algorithm. This algorithm is activated by the ADPCLU option. 


AOPCLU OPTION 


• INAOPC C »S»PP*N1 *"J.NirNHA« »NPT «nEI ,NHr »NHlN» IP 

* «|N*OPC C*i«. |S" 2 . i »3 . ,P?* 3 U t ,N(i ] 

> NV'-NA*-?U iNPT*iUU,N£t-5uU r NH|- | 00 t 


« | nAOP( 

c 


• i Boooooaf+oj 

s 


• 200000001*01 

RP 


•l»OOOO0Ot*O! 

• I 


♦100000001*01 

Rl 


#300000001*01 

NWNHAK 


♦ 20 

NPT 


• 100 

NET 


*100 

MM f 


♦ 100 

MM | N 


*G 

IP 


♦ 1 


IP* l 


• END 

type Yfs jr inputs ok 
>Yts 

choose values pop initialization from 
zero OlO nc» 

>2f*0 


cluster 

* 

•eight 

2 

ELIMINATED, 

JPT 

• 

1000 

NyH 

m 

• 

CLUSTER 

A 

■EIGHT 

R 

ELIMINATED , 

JPt 

■ 

1000 

NyH 

m 

a 

CLUSTER 

A 

■EIGHT 

3 

EL 1 M I N A T CO , 

JPT 

m 

|000 

NyM 

m 

7 

cluster 

A 

•EIGHT 

5 

clihuateo, 

JPT 

m 

|000 

N V N 

m 

« 

CLUSTER 

t 

■EIGHT 

| 

ELIMINATED , 

JPT 

m 

Hoc 

NyM 

m 

1 0 

MERGER j2 

- 

• N J2 ■ 


♦ J» * S N J I • 


lit NVM . 

f 

JTt * 

cluster 

Symbol sue 


fi MEAN R SIGMA 


0|PF 




l 


A * 


.00 

00 


.00 




2 


B HAS 


10.72 *, 

HR 


.20 




3 


C RJt 


1.02 R 

MS 


.29 




H 


0 H H 9 


10. !■ 1 

36 


.10 




S 


E 161 


10.31 A 

S2 


.9? 





A 


f 57 


12.70 

79 


H ,M 




7 


G 22 


IS* A’ S 

33 


2,7? 




B 


H 8» 


*■73 3, 

*5 


.16 





CHOOSE OPTION FRO* 

MFAN? S|AmAS ARGO!; QUIT 
>«U!T 

The Option ADPCLl REQUIRED 3.1D2D SECONDS Or CPU Tine. 


0 


The ADPCLU option clustered the data into eight clusters. 
The various clusters of points are output with the cluster 
symbol and size. 


ENTER *STEp OPTION 0 A TYPE A RLAnK 
> 1 PAGES 


The IMAGES 
from the ADPCLU 


option 

option 


is then called to 
All classes are 


display the results 
displayed. 


images option 


select i ha 
status 

EChCIS 
>ST*»Us 
INUNIT TH 
I 2 

CLASS 

nu^be 

1 

2 

3 

5 


B 


GES OPTION FROM 

INUNIT TNRESm SYHBOL 

subset border inside 


RVAL N]NP|A 
2 M . □ I 

CLASS 

R SYMBOL 
A 
B 
C 
0 
E 
F 
G 
H 


iflELO 

0 o o o □ 

IMAGE NUMBER 

SYMBOL QF PIXCtS 
* 6 

6 HAM 

C HZ A 

U R H 9 

e ltfi 

r si 

G 22 

M 89 


* LL CL 5 

Ihuuit 
0 0 0 


0 0 


SELECT IMAGES OPTION from 

STATUS IMUNIT THRESh ' 

E C Mf L 5 SUBSET BOROER 

> T H R€ 5 *j 

•iNTNRf ThrVALiMINPIM, IF 1EL0 

> I"* I H»tl |H.Vn» 

•iNTMRr 

tnrval • f 3ooioaao£+c2 

*INPI> v *j 

IMFLD * 

* 0 . 

♦0 ► 

• End 

type Yr 5 IF INPUTS ARE CORRECT* 
>YE5 


SYMBOL ALLCLs 

INSIDE IHUUIt 


*□» 
♦ 0 » 


♦ Ot 

♦ 0. 


select images OPTION FROM 

status inunit TMRESh SYMBOL ALLCLs 

echcls subset border INSIDE iMiUlr 

>A L LCLs 


♦Di 

♦0. 
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ihiH ton f \ clo J 


11 1 I 1 2 2 22 2lUlJ44 444SBSS£4###An 7 7 7a»*»»f 
D2H*0OZ4AI*O2H#eO24#0O24#8C)?4#8O2<.#ao2H4*O 

#00 BRBbBB660&aBtB6t60COt)OOOOOOOODOOOODOD0OOQ 
#02 BB 86B060BB6BBBatfcCBOCiOODDODDODOOOOCOPODOO 
i 0 ** 00000006080 B00 6 OBCODOODDoOQ 0000 PD DO DO pp DO 

# 0 # 00000000000000000000000000000000000000000 
4 00 B0B000000 0 00060 00COOODOOOODOOOODOOOOOOOOD 

4 10 00000000000000000C0OOoOOOOOOOOOODDDDOddDD 
i 1 2 0000B0080b0BB*80B8BOOoOODD[>DDDOODDD OODDDO 

4 l 4 00e0efl0*ft0B8iBBBBCBOODDDoOOODDD[>[>IJDDD[H>OD 
4 I # 600BBd8B000B60B0BC0OO0OO|;DO[>DODOODDOODODD 
ill ktBC0B000BBB0BBB0CBDOoOODOOODDODDl>DOODDDO 
420 BB£0B0BBBBBBBBBBBBBDD[)DDD{JDDDDDDD0OO0DO0O 

422 BBBBCCBBSBBBBBBBBBBDODDDdOdDDDDDDOOOOooOO 
4 2 4 0B0BCBBB0BBBIBBBBBCBOBDDDODODDDDOOOQOOOOO 

424 BBBBkBBkBBBBBBBBBBCODDDDDDDODDODOOOOOOOOD 

420 00B0000BBBBBB0BB00C OdofiODOOOOOOOOOOOOoCO 

4 JO ieSBBBBBIBBBBBBlefCpOaoPODoOODoeiDDeOOoOBa 

412 0BBBBBBBBBBBlBBt0BCOOoOOoDDOODODOOOOOD000 
*!*♦ 900BBBB0Bfi0a00|0MBOOoPOoOpDOOOOoDOO0BBBD 
414 0BCBBB00eB000BB0B0COOoOOc>OOOOODOODDC>0B0BD 
410 BBIBB BB0B8b60BB«B0CBOoDOc>OOOOOOO0BB00BBBI 
440 0BBBaa0BBB0BB0BSB0COODOOODOOODD0B0BDBBBCB 
442 BBBBBB000eB000BB0BC0OOOOOOOOO[>C CBB00BCCC 
444 00BBBB BBBBBfi00«00BCODDODopa00000ODO0lB00E 
444 EEEEEFFEEtGQQG 6 FBCCtCCCCcCCCCC CCC CC C C ■ £ 
440 EEEEEEEEEtCEFFFrEECCCcCCcCcCCCCCCCCCCccCC 

400 MEtf EEEEECEEFaGFFOCCCcCCCCcCCCCCCCCCCcCCt 
4S2 EHCE^t^CFECEEEEEFFtCCCCCcCCCCCCCCCCCCCCCC 
*S4 EEHFFFGfrGFEEEEFGftCCCcCCcCCCCCCCCCCCCCCCC 
404 HE£E EFfFFCtEEEFG PC C C C C C C c £ C C C CC CC CCCCCC 
#50 «EEFFFFEEtEEHEElFFFCCcCCcCCCCCCccCCCCcC(C 
440 EfFFrFE(€tCEEEGF6EFCCcCCCCCCCCCCCCCCCCCCC 
442 EEfEEEFEEEEFFFGrGSFCCcCCCCCCCCCCCCCCCCCCC 
444 EEHHHHHNHEGFFEEEFFFCCCCCCCCECCCCCCCCCCCCC 

444 hhmmhmhhkeeeeeeeeeeccccccCcCccccccccCcccc 

440 CMHHHHMHHHMEEEEEEEECCCCCcCCCCCCCCCCCCcCCC 
4?0 EHHMHHHHMhEEHEEEGf FCCCCCCCCCCCCCCCCCCCCCC 
#72 EHMHHHHHHEEEEFEEeEeCCcCCCCCCCCCCCCC CCCCCC 
#74 ENHMMNHHHHEEHHEEEEECCcCCcCCCCCCCCCCCCcCCC 
#7# HMHHHMMHKEtFEEEFGGFCCtCCCtCCCCCCCCCCCcCCC 
470 HHmMMMHHMEEEEEEEEEECCcCCCCCCCCCCCCCCCCCCC 
400 MHhhHmmmhEEhEEeEEEECCccCCCCCCCCCCCCCCCCCC 


E Mote the simi laHttes and differences between the images 
derated by the ITRCLU and ADPCLU options. 


select images option from 

STATUS [MUNIT THRESh 

ECHCLS SUBSET BORDER 


>JM«U1T 

Tmf Oft Ion images required 


SVHBOL ILLCLs; 

INSIDE JMRUIt 

.4144 sECOHOS Of CPU T [ HE . 


ENTE* 4STEP OPTION OR TYPE A BLANK 
>UN|f5 

UNJTS OPTION 


4 A V I MUn 



N 

* 

♦ 3 

»CNO 



* l NUN 1 T 



imgunt 


+ 12 

oatunt 


+ M 

OBSUNT 

m 

♦ 7 

[StdFI 

m 

*1 

ISIGF2 

« 

* 2 

INJSFI 


♦ 10 

JH1SF2 


♦11 

1 mg 1 


+ 0 

1 NQ2 


♦ 0 

OBSI 


♦ 0 

send 



CHOOSE I 

gPtJCN f * On 


CYCLf 

change Qun 


> l r c l e - 



binuni r 



JHtuNT 


♦ 4 

Oatunt 


♦ 4 

OBSUNT 


* 7 

1 S I 6F 1 


♦l 

IS|«F2 

■ 

♦ 2 

IHIBFI 

9 

♦10 

1HISF2 

* 

♦11 

Shot 


♦ 3 

1*52 

m 

♦ 12 

OB 5 1 

* 

♦ B 


In order to compare the images generated by the I TRCLU 
and ADPCLU options, It is required to use the DIFIHG option. 
However, first it is necessary to cycle the image unit numbers. 
This is done by calling the UNITS option. 

At this point, the image generated by the ITRCLU option 
resides on image unit 3, The image generated by the ADPCLU 
option resides on unit 12. 


The CYCLE suboption In the UNITS option cycles the next 
image nutrter available for the next image generated to unit 
number 


*END 

the Option units required 


.0430 seconds of cpu time. 
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ENTER asTEp option or type a RLANK 




The OIFIMG option U called to generate an Image of the 
differences between the Images generated by the JTRCLU and 
ADPCLU options. A comparison of the subsets between the 
images indicates that subset A in the first image is the 
same as subset G in the second image* subset B in the first 
iiaage Is subset 0 in the second, etc. This Information is 
input to the DIFIMG option through the equivalence lists. 


>*6 

>cc 

>ob 

»etw 

>ff 


CLASS 

SYMBOL SIZE 




l 

A 

0 




2 

8 

HH 




3 

C 

1*17 




CLASS 

A ARE 

THOSE P 

MELS 

OF 

image 

CL AS 5 

B Ait 

THOSE F 

UELS 

OF 

(MAGE 

CLASS 

t are 

those p 

UElS 

The 

SAME 

The 

option 

DIFIMG 1 

REQUIRED 



| THAT ARE NOT j N THE INPUT EQUIVALENCE 
l DIFFERENT F*Om image 1 


seconds Of cpu tine* 


l! JT 


ENT E * A 5 Tt P OPTION 0* TTPE A BLAnK 
MRAGEs • 

IMAGES OPTION 


The IMAGES option is then called to display the results 
.from the 01F1MG option. Only points different from the 
equivalence lists are displayed. 


select images option f 
status Inunit 

ecmcls subset 

»STATU5 

IHunJT THRVAL HINP! 

* 2 H , 0 I 

class class 

~uWBEN symbol 

I A 

7 a 

i c 

SELECT IMAGES OPTION f 
STATUS imunit 

EChcLS subset 

>TH»CS» 

JlNTHRf THRVAL »N l NP l X , 

> * I N iMNt T tl ” ft *1 . c | ,, i 


8 INTMRf 


Tmrmal - 

• l O uOOQOqE + 0 | 

MInPI* » 

♦ l 

1 F | ELD » 

♦ 0 


♦0 


*r>« 


»ENO 

TT FF Trs IF INPUTS ape CORRECT. 

»»ES 

SELECT images OPTION FROM 

STATUS INUHIT THRE5H SYMBOL 

EChcLS SUBSET BOROCr | N S I P E 

>5tmBOi — 

trME the string OF j Image symbols oesi 
>10 

CLASS SYMBOL A fa c 

Image symbol 10 

type Yf S if inputs ape correct* 

»yes 

select IMAGES option from 

5 T A T US IMUNIT THRESh SYMBOL 

EChcLS SUBSET SOROEr INSIDE 

>STATUs 

IMUNIT THRVAL MINPH IFjelo 

Y 1.0 I 0000 


CLASS 

CLASS 

IMAGE 

number 

nuHBER 

SYMBOL 

STMBOl 

Of pixel 

1 

A 

1 

0 

2 

fa 

D 

MN 

3 

< 


1*17 

select images 

OPTION 

FROM 


st* t us 

IMUNIT 

THRESH 

SYMBOL 

CCmcLS 

SUBSET 

border 

(N5IDE 


*ALLCLS 


ThrESh SYMBOL 

border INSIDE 

A IFIELq 

n o 0 □ 

IMAGE NUMBER 

SYMBOL of pixel 

A □ 

B H H 

C 1637 

ROM 

thresh symbol 

boroCr inside 

if ulo 


*llcls 

I MQU1 T 

0 0 0 0 
S 


allcls 

IhuUIt 


• D ► 
+ □ » 
•0 


*LLCLs 

INBUIt 


AllCLs 

InQUIt 


D 0 0 0 

s 


AllCLs 

1 HQU | f 


0 


D 


o 


0 


♦Oi *0, 

*0i *0# 


The SYMBOL suboption of IMAGES is used to change the 
image synfcols of classes A, B, and C to I , D, and blank 
respecti vely . The STATUS suboption is used to demonstrate 
the change in the image symbols of all the classes 
to be printed. 
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IMAGE rOlt fJCLO I 


024*102 MB02 1*102 MID 2 MIDI 14101 H AlplMlO 


*00 

*02 
*0*1 
*0* 
AO B 
*10 
*12 
*1« 
*1* 
*11 
*20 
*22 
*2* 
*2* 
*2B 
*20 
*37 
*3* 
*3* 
ill 
4*0 
4*2 
AH* 
AM 
AM 
*S0 
*K2 
AM 
At* 
*«• 
4*0 
A *2 
A** 
A** 
**« 
*70 
*72 
*71 
A 7* 
*7 B 
*10 


D 


D 


D 


0 

0 


D 0 0 



0 

0 0 
D Dp 
0 

0 0 



0 


SELECT IHA*CS OPTION f RDM 
STATU* JNUNir THRIS 

(Chci« subset »orde 

>IhQU1t 

The option images hEouireo 


stmbol allcli 

INSIDE (ffftUJT 

1 *2320 SECONDS Or CPU T ] HE « 


ENTER 

>UHUS 


AS TCP OPTION OR TYPE 

A BLANK 

units 

OPTION 


At this point in the program, the image resulting from 
the 1TRCLU option is on Image unit 3, the image from the 
ADPCLll option is on unit 12, and the image from the DJF1HG 
option on unit 9. The UNITS option is called to change the 
image numbers. 


bavihun 

H 

*CND 
* (NUN J 
I MUNT 
DATUNT 
0B5UNT 
1 s 1 <sr 1 
J5IGF2 
I M J $ F 1 
IHJ5F2 
t HG I 
JNGI 
OBSl 

»eno 

CHOOSE 

CTCLr 

♦CHANGE 


1 1 NUN I T 
1 HAUNT 
DATUNT 
OMUNT 
ISlGFl 
1 * I * F 2 

iNtsn 
|M J*F2 
IN* | 
1HG2 
08*1 


■ 

T 

♦ 3 , 

*12) ♦* 

m 

♦9 


* 

♦ H 


■ 

*7 


» 

♦1 


a 

♦ 2 


■ 

♦10 


m 

* 1 J 


m 

♦ 3 


■ 

♦ 12 


m 

♦ 8 


OPTION FROM 



CHANGE <JU 1 T 



IN4UNT. DATUNT *0B5U»T * 

NIT 1 MGUN 1 « 1 *•*. 

Is 1 fif 1 « 1 S1«F2» JKlSrl 1 IH|5f2i E NG J » I NCI ,«•*! 


♦ J2 



♦ H 


* 

♦7 


m 

♦I 


w 

♦2 



♦ID 


m 

*11 


m 

♦3 


m 

♦ 12 


■ 

*• 



The CHANGE suboption is called to reset the next avail- 
able image unit number to 12. This is done to save the image 
jon unit 3 from being wiped out by the next image to be gener- 
ated (by the HAXLIK option). 

The user wants to save the image on unit 3 (generated 
from the results of the ITRCLlf option) so it can be used 
to difference images later. 


BCND 

ttpc yes if Inputs of 

>*cs 

The OPTION UNITS REQUIRED *07 8*1 SECONDS Or CPU T ] Ml , 


ENTER A* TCP OPTION OR TYPE A BLANK 
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>H A XL t K 



The MAlXLIK option is called to classify the data once 
again using the signatures previously saved by the FACTOR 
option. First, the saved signatures are retrieved hy using 
the REDS I G suboption. 


CHOOSE hAXlIK option from 
reosig prOcbi »ulT twPiia 

>reosig 

CHOOSE rU( HUMBER r*0* 1 OR 2 OR CHOOSE Q *0 OUlT» 
>1 

input yes to point signatures retrieved from file i 

>T|S 

LIST NAMES FOR signatures, CnD LlfT rith MOhORf* 
>sis* 

SlfiA «D - a K • l 4 f |2 

NUAIII > OR 

MEAN 1 Rv n 

I 2 3 4 

| 74.737 12.124 *4*037 110,2*1 


COVHAT P By <j 

i 234 

I H.S40 <6*0 1*42* -Z * TOO 

1 .4*0 2.071 J * 002 l.OOT 

3 1 * 1 2B 1.0*2 1. 423 -j.tj? 

A >2**00 1-OOf -3.427 &4i|02 

>N|}MORE 

choose file number from i or z or choose o Tq «u,t, 
>i 

INPUT vES TO PRINT SIGNATURES RETRIEVED F«Oh f | LE | 
>N0 

LIST NahES FOR SIGNATURES. END tljT WITH NOHORC. 
>S1GB 

S 1 60 NO • H • 1 6 T 1 2 

NUH<|1 • 42* 

>SlOC 

SIfiC NO - 4 K ■ l 4 T 12 

NUAIII > 47* 

>Sf DDE 


SIGDC nM U - I o T 1 2 

NUM III ■ J3T 

>NOMORf 

CHOOSE FILE NUMBER F * 0 k 1 OR 2 OR CHOOSE 0 To GU f T , 
>0 

V signatures have been retrieved 


choose naxli* option from 



After the signatures have been retrieved, they are used 
by the PROCSS suboption to classify the data using the maxi- 
mum likelihood classification scheme. The data is classified 
into four classes. 


2 Ut«433 7«|** 34.0*4 111*342 
i 34 'Tmo 33.3*3 «**S2 217*041 
T 2P2.452 47, JOT *3*20* JJ.BfO 


CLASS 5TH8OL SIZE 

1 X MHO 

2 B 420 

3 C NTS 

4 D 344 


CHOOSE hAXLIK OPTION FrOm 

REOSlfi PROCSS OUlT inpsig 

>0u I T 

The option haalu reouireo n.jsbo seconds of cpu time. 


enter asTep option ON type a blank The IhWGES option Is then called to display the results 

v ] m ages — . ■ ■ — — from the MAXLIK option. All of the data subsets ( > . e . , the 

4 classes) are displayed. 


images option 


select ZHagES option from 

STATUS IMUNIT THRESH SYMBOL ALLCLfl 

echcls Subset ioroer inside ihouit 

>btaTur 
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IMUNtT TMiVAt WINCIM miLO 


If Hi 

0 1 

0 

ooao 

0 0 

CL*™ 

CLASS 

image 

number 


muMBER 

SYMBOL 

simbol 

of PIXEL* 


i 

A 

A 

MO 


2 

• 

8 

420 


3 

c 

C 

NTS 


R 

0 

0 

11* 


SELECT IMAfiES 

OPTION 

FROM 



status 

IMUNIT 

thresh 

SYN80L 

AU-CLi 

CChcLS 

SUBSET 

border 

1NS10E 

1 MRU 1 T 

>Th«CSm 





S I NTH Rf THRVAL.MINP |l 

.imeld 




> 4lNTM«£ THIIVAI.B6.2Slt 


tlMTMRf 
TMEML - 

• 425 | OOOQE*0 1 




MINPII • 

♦1 




f t 1 ELO • 

♦0. 

*0 1 

•0* 

♦0* 


*0# 

♦ 0 • 

♦0, 

♦Oi 


♦0. 

♦ 0 




SEND 

TYPE TCS IF INPUTS ARt CORRECT * 
>TC1 


SELECT lHAtiCS OPTION F AO* 

STATUS INUN1T TKRESh SYMBOL ALLCIs 

CCnCLS SUBSET BORDER INSIDE ImqUIt 

>*LLCIS 


iMASf FOR FIELD 1 


400 
602 
604 
406 
40H 
41 G 
612 
A|4 
41* 
4 t fi 
420 
422 
*24 
624 
626 
630 
*32 
All 
434 
43* 
440 
44* 
*44 
4*4 
*48 
*50 
4 S2 
*54 
*54 

658 
640 
662 
644 
644 
448 
470 
47 2 
476 
474 
478 
4*0 


I I M l 222223333 3 HR R 1»5iS5444447 7 77 78888 8 T 
02*4802 16 a 02 N48fl2R48a744«02 l l4i02<tt 80214*0 


C CCCC CCCcCCCB *A A AAAAAAAAAAA** a* A A 
CCCCCCCCCCCCCCCCC AAaAAAAAAAAA AA A AAAA 
A A AAAAAAAAAAAAAAAAAA 
AAAAAAAAAAA A A A A A A AA 


CCCCCCCCCCCCCCCCC 
CCCCCCCCCCCCCCCCC 
c c c cccc c cccccc 
cccccccccccc cccc 

CCCCCCCCC CCCCCC 




CCCCCCC CcCCCCCCCB AA* ****** A* *********** 


C CCCCCCC ccc 

c ccccccccccccc 

tc CCCCCCC ccc ccc 

ccc ctccceccccc c 

CCC CCCCCCCCCCCCC! 


A* A AAaAAAAAaAA AAAAAA 
a A a a a A A A A A a a A* a A A AAA 
AaAAaAaAAAAAAAAA* AAA 
*************** AAAAA 


C CCCCCCCC CCCCCCCB A A A A A A A A A A A A A AaAaAAA 
CCCCCCCCCCCCCCCC CB AAAIAA A A A A a AA A 
CCCCCCCCCfCCCCCCCCft AAAAAAAAAAAA 
CCCCCCCCCCCCCCCCCC A A A A AAA AAA AAA C 

CCCCCC CCCCCCCCCCCCC A A A AAAAA A A A A AC C 
CC CC CCCCCCCCCCC A A AAAAAAA C C 

CCCCCCCCCCCCCCCCCC AAAAAAAAAAA C C CC 
C CCCCCCCLCCCCCCC AAAAAAAAAAA CC CC C 
C CC CCCCCCCCCCCCC A A A a A A A C C 

CC CCCCCCCCCCCCCCC AAAAAAACCCC c c CC 
DDDDPOODOp B 5 BBBBQBBBB 0668*86 8 

DDDDOOODDDDOO DOB B B B B B B B B B B 0 0 8 6 B B BB B 
DQDPO OODOOpD DO BB B BBBB0BBB BBBBBB60B 
DDDD OOODDpOODDD B B R B B B B 0 8 B 8 8 B B B 8888 B B 
PDD OOODOOODOODBBBBB68BBB0BBBB8B80BBB 

0000 ododdddodd BD B0BBBBBBBBB6BB6BBBB 
ODD DDDDDDDDDODDO 0B6B0B88BBB80BBBBB B8 
00 OOOOOOOOODD 0 0 R0BBb&bB98B0bBBBBBBB8 
OPDOODDODDDDODD 0 8 8 B BB0B8BS6B 0 B B B B B B B B 

DODODDDOP PO ODOOd 8 bB B 8 B 8 BBBBBBBB 8 B 6 BB 
ODDDPDDDOOOOOOOOODD BeBBBBBBBBBBBBBflBfi BB 
OOODOODDOOOODODOOOOBBBBBBBBBBBBBfiBBBBBBBS 
ODDOOPDOOOOOOODO 0 8688 588888888 * 80*8 

DO ODDDDODOOPODOODD 06 e 88 SB§BBBBft»BBBBBBBB 

DODDDOOOOOOOODOOOOD 8 B 88 BBBB 8 BBBBBB 8 B 8 B 0 
ODD Dpoooo OOOODD 8 b 88 B 0 B 6 B B B 6 A B | B 0 88 
DDDDDOODOODDODODDDD BbBBbb BB B B 88 BBSB 88 
ODD DO 0 OODDOODDDDDBBBBBbBBIB *81*188 


SELECT images option from 

STATUS IHUNIT THRESH 

ECHCLS subset border 

>IMRU|T 

THE OPTION images required 


SYMBOL »LLCLs 

JNSIOE iMguif 

. 48 1 2 SECONDS Or CPU T | HE « 


ENTER ASTEP OPTION OR TYPE A «LA«K 
>UN|TS 


units option 


The UNITS option is called to change the Image unit 
numbers. At this point, the image from the ITRCLU nption 
is on unit 3, the image from the MAXLIK option is on unit 12, 
and the Image from DJFIMG is on unit 9. 
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•AVIHOn 


N 

m 

♦ ji 

fEMO 



11 NUN1 T 



INGUNT 

• 

♦ 12 

datunt 

ft 

♦ N 

OBSUNT 

ft 

♦ 7 

iSIGf I 

ft 

*1 

1 S I G F 2 

ft 

♦ 2 

1MISF1 


♦ 10 

1MJSF2 


♦11 

IMG 1 

ft 

♦*] 

1 M G 2 

V 

♦ 12j 

DB51 

■ 

♦ • 

• END 



choose 

option from 


cyclf 

C+UN6E guir 


* [NUN I T 

| «4yNT r Q A TUN T $ 

OBSUNT 

> * 1 M. 

ti 1 7 J MGliN r -91 


t I nuNIT 



IMQUNT 

ft 

♦ V 

OATUNT 

■ 

♦ H 

OBSUNT 

ft 

♦ 7 

IS IGF l 

ft 

♦1 

IS1GF2 


* 2 

IHISFI 

ft 

♦ 10 

IHJSF2 

ft 

♦1 l 

1 "G 1 

ft 

* J 

1H«* 

ft 

♦ I 3 

0BS1 

ft 

♦ e 


The DIFIMG option assumes th*t the two images to be 
[differenced are on units IMGl and IMG2 . The output of OIFJMG 
Lm be on IKGIJNT. 


The CHANGE suboption is called to reset the next avail- 
able i mage unit number to 9. This is done in order to display 
the differences between the ITRCLU image on unit 3 and the 
HAXLIK image on unit 12. 


tC»<0 

typc Yrs ir inputs ok 

>TtS 

thc option units required ,07sz sEconos of cpu Time. 


ENTER ASlEP OPTION OR TYPE A BLANK 

>d i r i s — — — - - 


OIF I PIG OPTION 


The DIFIMG is called to generate an image of the dif- 
ferences between the images generated by the ITRCLU and MAXLIK 
options. A comparison of these images Indicates the appro- 
priate equivalence lists In be input to DIFIMG. 


INPUT fqOIVALENCC LISTS 

> A D 
>Ba 
>CB 
>0C 

> ED 

>Fp 


CLASS 

symbol sue 


1 

A 

a 


2 

fl 

a* 


3 

c 

1617 


class 

1 API 

those fuels 

OF 

class 

P are 

those fuels 

OF 

CLASS 

e ARE 

those pixels 

The 

TmE 

option 

DIFIMG REQUIRED 


MAGE l THAT ARE NuT |H T H£ ] 
MAGE l DIFFERENT fHQM IMAGE 
SAME [N images i AND 2 

,S*»H SECONDS OF CPU T[ 


NPUT EQUIVALENCE l i St 
2 

ME « 


enter a s tip option o* type a blank 
>JmaG€* ■ 


IMAGES OPTION 


The IMAGES option is then called to display the results 
from the DIFIMG option. Only the points difference from the 
equivalence lists are displayed. 


select images option from 

STATUS IMUN1T THRESH 

CChcLS SUBSET border 

>ST A T(JS 

IMUNIT ThrVAI MINPIA I F | E L 

v 2N»U l o 

CLASS class image 

dumber symbol SYMBOL 

1 A A 

2 a B 

3 C C 


SYMBOL 

INSIDE 


D 

oaoo 

NUMBER 
OF PUClS 
0 
31 
16*7 


ALLCLs 

1 NQU ] T 

a 0 a 


select IMAGES option from 

STATUS IMUNIT THRESH SYMBOL A U LCL S 

CChCLS SUBSET BORDER INSIDE ImQUIt 

>Tm«Sh 

AlNTHRf THRVAL.MINPI A , IflELb 

> 4jNTrt(,fr UiHyitBi.jj 


SlNTHRE 

tmrval - . jouoDDDn£*ai 

MlNPlk • ♦! 

iriELO - to, 

♦0, 
♦ 0. 


♦ 0 . 
♦ D. 

♦a 


0 


a 


♦ 0 » 

* 0 , 


* 0 . 

♦Oi 


•end 

Type Yes if inputs are correct* 

>»n 
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SYMBOL 
I NS I OC 


*U-CLi 
I H«U|f 


ULtCr I M A 6 1 5 QPTIO* 
ST * j US tHUNlT 
ICmcls subset 
>S THSOl 

TypE the STRING OP ) 
>10 

CLASS 5THB0L ABC 

IMAGE SYMBOL ID 
type th if Inputs are 
>tes 


MOM 

TMftES* 

BORDER 

IMAGE SYMBOLS DESIRED* 


Correct* 


select images 
status 

OPTION 

IMUNIT 

PRO H 
TNRESh 

SYMBOL 

*LLCLS 

echcls 

SUBSET 

border 

INSIDE 

IMCIUIt 

>statv$ 

imunIT tmrval HINPIT 1 p ] eld 

9 1(0 1 0 Q 

0 0 0 

Q 0 < 

CL*SS 

CLASS 

1 mage 

number 


NUMBER 

SYMBOL 

SYMBOL 

Of PJRElS 


1 

A 

I 

0 


2 

B 

0 

34 


3 

C 


1447 



o o 


select images option from 

STATUS IMUNIT THRESH 

icmcls subset border 

>ALLUs 


SYMBOL ALLCLs 

INSIDE InbUIt 


Image for field 1 

IUI 12 aa 2 Z))l) 3 RRRRRSSSSstt* 4 * 777 MBlBMV 
0244*024 4 BQ2 4 A§a244B0244BG244B0244§o244*D 


A 00 
402 
404 
404 
406 
4 1 0 
412 
414 
4U 
414 

420 D 

422 

424 

424 

4?B 

430 

432 

434 

434 

438 

440 

442 

444 

444 

44 B 
450 

45 2 
AS* 

454 

*50 

440 

442 

444 

444 

446 

420 

422 

424 0 

474 0 

4TB 
AfD 


D 


D 


D 


D 


0 

D D 
D DO 
OD 

D 0 0 

D 

D 0 0 0 

D ODD 


0 


0 

0 


select images option f r 
status imumt 

echcls subset 

> ImOUJ t 

the option images requi 


DM 

THRESH 

border 

RED 


symbol allcls 

INS I Ot UBUIt 

1 .3444 StCONOS 0 F CPU T t ME • 
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enter ijTep option o* type a blank 

>«y*NTl - ■ 


The QUAHTZ option is called to generate d gray scale map 
af the data. Data points are classified according to the 
magnitude of one component of the data vectors. 


ftUANTJ option 


SINBUAm KHiNfXNAX »NB r KCN 


> $IN*UA*, 

•IMQUAn 
KN|N • 

XHAX * 

• 

kCh • 


AHfN-g. I - 


. 000000001*00 
*i5*oooaaE*o> 
♦ u 
♦I 




• (NO 

TYPE YES if INPUTS OK 

>res 


largest 

VALUE 

- 142, 

0 SMALLEST 

value 

CLASS 

SYMBOL 

SIZE 

LN. BNP* Up 

. f no » 

! 

A 

0 

.00 

.00 

2 

B 

0 

»P0 

15.94 

3 

c 

0 

is. tv 

31 *B7 

** 

0 

0 

31. *7 

47. BL 

S 

E 

0 

*7 .ai 

43.75 

6 

r 

4 

43. 75 

7*. 4* 

7 

G 

127 * 

7».4» 

95*42 

5 

M 

3*3 

95,42 

1 11*54 

t 

1 

49 

lll.l* 

127.50 

10 

J 

I 1 

127*50 

143.44 


K 

0 

193. 44 

IS*. 37 

12 

L 

0 

159.37 

17&.3I 

1 1 

M 

0 

175.31 

191*25 

1 4 

N 

0 

1*1. as 

207.1* 

IS 

0 

0 

207.1* 

223.12 

1 A 

P 

0 

223.|? 

23*. 04 

l 7 

B 

0 

23**04 

255* DP 

IB 

R 

0 

255*00 



THE OPTION NUANTZ REQUIRED . N 2 2 N SECONDS Qr CPU Tl*E* 


enter tsTEP OPTION 0* TYPE A BLANK 
> IMAGE'S . 

images option 


The IMAGES option is 
from the (jUANTZ option, 
of the ALLCLS suboptlon. 


then called to display the results 
All subsets are displayed by the use 


select images option from 

STATUS IMUNII THRESk SYMBOL ALLCLs 

(ChCLS 5 UBSET BORDER [N 5 EDE IhQUIt 

> thresh 

• InTHRe TNRVA 4 ..M 1 NPIX » IF lELfi 

> >TNTrtriL IMN VALwi , LU 


thrval » 

. |OOOOOOOE*Ol 




HlNPlI ■ 

♦l 




IflfLO * 

♦ 0 . 

* 0 > 

♦ D . 

♦o# 


♦Q» 

* 0 > 

♦fl. 

♦ 0 . 


♦D, 

♦ D 




• END 

TYPE Yr 5 IF INPUTS A«C CORRECT. 

>YfS 

SELECT (NASES OPTION FROM 

STATUS IMUNIT THRESh SYMBOL ALLCLs 

ECHCLS SUBSET BOROEr JNS10E InQUIt 

>allcls 
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wage f on f i eco i 


400 

402 

404 

404 

40* 

410 

412 

414 

414 

4 H 

420 

422 

42 H 

424 

424 

*30 

412 

414 

414 

419 

440 

442 

4*4 

444 

448 
450 
452 
454 
*«4 
459 
440 
442 
444 
444 

449 
4*0 
472 
47*1 
474 
479 
490 


Ull i 22 222111 134«! 444**6**444447 777 7 ft**! •* 
02 *44102449024490 2444024 4402449G2440Q24410 

FGGGGGGflGGGGGGGtGHGGGGGGGGGGGGfiGGGGGGGGG 

GGGSGGG&G&GGGGgGGGGGGGGCGGGCC&GGGSGCGGGGG 

GGGGGtG&GiGGtiGGGGGGGdGGGGGGGGGfiGGGGGtGGGG 

GGGGGGGiGGGGGGGGGGGGGfiGGGGGGGGGGGGGgGGGtG 

«GtttGGGGGGGGGGtGGGG6«9tG«tGGfi««GfiG6GfiGfi« 

«GGGGGGGGGGGGGGftGHOGr<gKCfifiGGGGGGiflfi«GG« 

GGGGGG««<*4GGGGgGGGaFGGGGgGiGG6GGGGGGGGGai 

4Gg«GGGGGGGGGGGGGGGGGGGgGGGSGGGGGMGfiGG«< 

GGGGlGBGGGGGGCGGGGGGGGGGGGGGGGGGfiGGGfiGGGB 

FfiGGGGBGGGGGGGGCGGGGGGGGGGgGGGGGGGGGGGGGG 

eGgGfiGGGGGGGGCCCGGHGGGGaGGGGGGGGGlSGGGGGG 

GGGGGGGGGGGGGGGGGGGGBGGaGtGlGGGGeGSGGGGGI 

G66fiGGG«GGGGG«4GGGGGGgGGGGgGGGGGG6GGGGGGG 

GGGGiGGGGGGGGGGGGGGGBGGGGGGGGaGGGGGGGGGGl 

ggggggggggggIggggggcggggggggggggggggggggg 

gghgggggggggggggggggggggggggggggggggggggg 

GGGGGGGGGGGfiGfiGGGGGGGGGGGGGGGGGGGGGGBGGGG 
GGGGGGGGGGGGfifiGGfiGGGG6GGGGGGGG6GG«GG4GG«4 
GGGGGGGgGiGGGfiGGGGGGGGGGGGGGGGGHGGGGGGHGG 
GGGGGGGGGGGGGlGGGGGGlGGfiGGGGGGGGGGGGGGGGH 
MMHMHhHHMNI JJJ JJJHGGGGGGGGGGGGGGGGGGHGGGG 

hhhhhhhhHmmh I I l [MHHGGGGGGGGGGGGGGGGGBt&Gt 

QHHHHHMHHhHHl [ jl W m S G G G G G G G G G GM G fi GM WMGG4* 
HGMHIHIHHHMMKWhMH i hggggggghggghhghgmhhhgg 

HHGl 1 I I 1 H 1 HMMHh I ( t HGGGGGGGHHHHHGHHGHHHGGG 
GKHHHhIHHMHHHMhHI JIGHgGGN6gMMG«KH6HNGh6«6 
GHMHlfllHHHHHGNHMlHHGHMHGHHGHNGGHHGHKGHGGG 
H | | t I [HHNHHMHHl I JHHGG G G G G G G 6 6 G H M G G G G U G G 6G 
hhhmhhhkmwmm 1 ] 1 1 1 ihhgggggggmgghgmgghgggmg 
HHGGGGG 6 G b 1 | 1 HHHMHHGGGGGGGGGGGSGGGMHNGGGG 
hhgggghgghhmhmhhhhhggggghGggggggghggmgggg 
MHGGGGHGGHKHWHmHMHmGGGGGGGgGGHGGGHMGBGGGG 
HGGG6GNgGHKMMHHK1HHGGGGGGGGGGGGGGHH«HGGGG 

MGGGGMGGGHHHHI hkhhmgggggggghhhgghhmhg&ggg 

MGGGGGGGGGMHHmmHHKHGMgGGgGHHHHHGHHGHHGHGH 
HGGGHGGGGhH [HK h| I J I GGgGHmGHHGMHWHMMmHGHGM 
HGGGGSGGGHmHNNHHHKMGGGGHgMMHMMHNHHHHHHHMH 
GCGGGGGGGHHGHHHMHHHGHGGHGHHKHHH«4hGGG6GHHH 


SEteCt I WAGES OFTIOH Flow 

STATUS 1*UNIT THBESh SYMBOL AllEL* 

CChCLS SUBSET BOlOElH JNS10E iNqUlx 

>SUBS£ T 

input character for faint and image Symbols for classes in subset* 

> mw — ™| 

the 1 m a gE STHBOLS HU 4 I L L BE PRINTED As H|J 

type Tfs if inputs are correct* 

»fS 


The Image containing only subsets H, I, and J 
by using the SUBSET suboption followed by an input 
starting with a blank character and followed H, 1, 
other classes are printed as blanks. 


is generated 
string 
and J. All 
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SUMET hij 
PRINTED AS H|j 


1MACC FOR FIELD I 


400 

402 

404 

404 

40* 

410 
412 
414 
414 

411 
4 20 
422 
424 
424 
424 
430 
442 
434 
434 
4>B 
440 
442 
444 
4 44 
4 44 
4*0 
4S2 
4*4 
4*4 
4 54 
440 
442 
444 
444 
440 
470 
472 
474 
474 
474 
4*0 


III) 1*22223333 344<H<fS S S6&4 4 444777T? »I|M' 
0Z444O2444O244ftO2M4402N4|D2H4S0244lD244tO 

H 

H 

N 

M 


N 


H H 


M 


HMHHHHHHHN1 JJJJJ JH 
HHHHHhHKHhHnJ | | I HHH 
HHKNHHHHHHHl ] J | | JH 
H HH [H [ NHHHHHHhHH | H 
HN m I JHjHMMHHl 1 IH 
mhhhhj hhhhhhhhhj ji H 
HNHlHlHHHNH HHHlHh H H H 
HUM IHHMHHNHHf [ JMM 

HMHHMHmMMhmhI t I 1 |[HH 
HlHHHHHH 
NH H MHHHHkMHHH 

HH H NHHHHHHHMH 

H H KHNHHhH | HH 

N H H H M H 1 HH HHH 

H HNHHHHHHM H 

H H MHJHMhIIJI 

M hhhhhhhhhh 

NH hMHHHHh M 


H 

H HhH 
K KM H hHhH 
hMMHH HH NMH 
H HH HHH HH H 
HH HH HH HH H 
HH 

H H H H H 
HHH 

H H M 

H HH 

HM H 

HhH HMHH 
HHHNH HH HH H H 
Hh HH HHH HHHH H H H 

H hhhhhhhhhhhhhhhh 
H hhnhhnhh hmh 


SELECT IMAGES OPTION F P OH 
STitUS ihuhit thresh 

ECHCLS SuftSCT »OROEr 

>SUBSEt 

INPUT ch*H*CTER FOR PR f NT AND I « 

>AH|J — _ 

the Ihaoe symbols h|j 

TTPC Tes ir INPUTS A ft E CORRECT- 

>Y|S 


symbol AulCLs 

[HSIDE IHRUIt 

AGE SYMBOLS TOft C L ASSES |h SUBSET- 


WILL BE PRINTED A 5 1 


The Image of all pixels of classes 
printed as the character X is generated 
SUBSET. The first character is used as 
fall of the following classes. 


H, I, and J being 
using the suboption 
the Image symbol for 
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6 


I HE • 


The QUIT option returns control to the operating 
system. The input $F1N terminates the Input stream begun 
by the ©HUM input. 




EmVeP^USEP I r 'PASSWORD 


EXAMPLE ASTEP RUN Z 


♦DF"TPGY USEPID^PASSWCIPK ENTRY 

♦univflc 1100 OPERfiT IMG SYSTEM VER . 31 . 1 39 . SOEEftfRS I >♦ 
MpPUN HGTPUl ♦1490T-A025-CtTPU-T*0*55 
KATE : 042274 TIME* 130412 

\PiJ;E ft. .TPM-T3171 0*TPUDftT . 

FFftPY 

'oPHSG^flX ft. 

PERKY 

>:?C0PY<fi H.-TPFt. 

FUPPUP 0026-04^2?- 13 JK4 
l ftps 
„ DFPEE ft . 

PFAKY 

vu : F RSTEPT . ? TFF3 . 

FFfil'Y 

■WCE L. • TPM-T60*5S4l_fiP;Cl - 
peakv 

'i> flSG.ftX L. 
f EftDY 
PUSF. 7.L. 

PEftDV 

1,.F 

PEAKY 

fftjR.T 2.-E 
PEAKY 

,?A~G'T 3 .'F 
PEAKY 

Pftl-t’ ’ T 4 . .F 

PFAKY 

?A:R.T 3,tF 
PEAKV 

* T 12. «F 

PEAKY 

JftIR.T It.iF 
READY 

•sia;6«t 13. «f 

PEftDV 

'.PASG-T 13. iF 
PEAKY 

.PATG-T 20. ,F 
PEftDV 

?':C«T AiTEF'T ,A5 VMflP 


tn Example 2, a block of 12 channel data contained in 
the LARSC1 flight line is classified using the maximum likeli 
hood classification algorithm (HAXLIK) . The data is then 
reduced to 4 channels by the feature selection algorithm 
and again classified by MAXLIK. The LARSC1 file is assigned 
to unit 7. Other temporary files required by the options 
In the run are assigned. 


AJ.GDPITHM STIMULATION TEST AND EVALUATION FPOGPRM 

•:astep s 

A'TTEP VEPS1DM ARP 5 ?13?4 


r HDD iE PRINT CONTROL FOP PUN AS 
PC HO MO ECHO 

rnECHO 


enter astc r OPTION at Type » bu*nx 

>E0TSlG — 


EDT51S Optl-jv 


The EDTSIG option is called to open up two temporary 
files (ie.» files 1 and 2) which are to be used later in 
the run for the storage of various signature information. 
This is accomplished by calling EDT51G and using BEGFll 
to begin a file. 


H005E EjTSlG 0*MOV F*0>4 

Esrri s a v s i s "tpsu 

Sr t L ADD51& ElGSift 


T 5 1 R 
pi?TS 1 fi 


auii 

BCGTIl OpTlOH HAS 


BEEN 5f L ECTEO* 


CHOOSE FILE NUHBER FROM 1 i 
>1 


CHOOSE EoTSlG OPMOV FROM 

esaru savsig RedsH rrtsjs 
L lSFlL *0DSI& E1&SIG pRTSIg 
QUIT 
>BEGFJl 

BEGFU OpUON his been selected. 

CHOOSE FJLC MJH8E* FROM i 2 
>2 


CHOOSE EpTslG 0PT1OX F*0 m 
BEGF ll SAVSIG RE 0 5 1 G 

LlSflt addsu eigsig 


flRTS 1 g 

PRTS1 s 


ftjlt 
> a u 1 1 

quit O.TlOS MAS BEEN SFlECTED. 
The 0»T!9N EdTSIg REQUIRED 


.0B?6 5EC 0HDS OF CPU TNI* 


PRECEDING 


pacts blank 


not filmed 
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intea astep option 30 Type » bian* 
XJATOCP * 


0*TDcr OOTIry 


The DATDEF option Is called to define and extract four 
blocks of data from the LARSC1 flight line. These four 
blocks (or subfields) are to be used as training fields to 
compute statistics for com, pasture, wheat, and soybeans. 


•IWOATO xriELDt ITpfnT, ,TPNQ, a, * , *t ipEycl 
> irNUATD WFIELO.S.ITPFM.I .lTr*u.l ){|||| 

* »£NU 


AFIELD N IteFftT | itpNO 1 a 2&5.{i ft -!•„ lOfVCc 0 

CHANNELS SELECTED. I 2 1 ft $ a 7 ft ♦ 1 0 | | 1 2 

TYPE YES IF INPUTS A 9 E Qk 

>»Ei 

* I N F L 0 0 J START, JSElP.I 1 nc*JSTARt, JS*I P*J lftC 
Input i meld oat* 

> flNFLOO | ST *K T -*00 , M **C * 20 , JST iw T« J 0 , J I NC“ 2 u» 

input z field dat* 

> SlNPLQn JSYART»6UQ. I tnc»Z3* J5?A*T»!*0. jI*C*2Li* 

IftejT 5 FIELD 0*TA 

> 9lN»L0D J SI AHf*A5b» f \ NC>^U>.JS r*H Tw UJ I j r SC*ZC» 
iNrji “ FIELD QATI 

> »|N*LUt) [STAftT«6*»'||f.C*?0. jSlA,T-bO,UlNC"2uS 


field 

i start 

ISftlR 

1 1 NC 

J S T A ft T 

jSf IF 

jlNc 

1 

600 

0 

20 

I 0 

0 

20 

2 

600 

0 

*0 

53 

0 

20 

3 

6 5 5 

0 

20 

i a 

0 

20 

ft 

655 

0 

20 

So 

0 

20 


12 


T rPt yes if I Npy T 5 ARE o* 

>YES 

the o ■ t j on OATpcr USJI^D h* 9 4j o srcoftbs of T i*c. 


Enter aster option op type a ftttvx 
>T*NFi.o — 


tbnflu o°TinN 


The TRNFLD option classifies each field by field number 
and writes the Information on the inage file. 


F]£L!> 

1 

2 
2 


TmE 0 »Tf 0 N TRnfLO REflUlREO 


$YSN3t PIXELS 

a ft*l 

ft NR I 

C ft *• I 

0 ftft] 

srcDNDS or cpu r r he * 


enter aster option aa Tver a b l *kk 
PF A t T Oft — 


factor nnTjnft 


input svftftous roR classes. 

Type yes to print statistics fdp rL Asc a 


factor analysis for a 


CHOOSE INITIAL 

* f £ ft 0 

STATISTICS 

FROM j E 90 

£>9 F 1 (_ E » 

OR QU ) T . 


2ER0 HAS ft EE ft 

CHOSEN , 





1 

hEAN 

2 

i ar 12 

3 

ft 

5 

6 

J 90,77ft 

7 

7R. 161 
a 

59.79s 

9 

60* 1 Oi 
IQ 

B 1 .*55 
1 1 

05.90? 

12 

1 61,932 

7$.?ftA 

61,277 

7, ,99, 

1 02 ■ &7 A 

7 9 , ft® 1 


S 1 QHA5 

l 8T ,2 




l 

2 

3 

H 

6 

6 

l 2.62Q 

7 

2.83] 

a 

l.77o 

9 

1 « 7ftM 
iO 

3. On* 
i i 

2.568 

12 

1 1 ♦ ft 6 | 

3.35] 

2,67ft 

2**6? 

7,l 3 9 

M.&n 


COVHAT j 

2 s» i? 




1 

2 

3 

ft 

5 

6 


l 

6 , 86 ft 

• 7 | 7 

2 

5 , 3 I 9 

B.OI 7 

3 

3.507 

3 . I 7 | 

ft 

3 . 1 2 D 

3*673 

5 

6 . 2*2 

6.973 

A 

R. 50 I 

5 , 2 ft? 

7 

3 . 0*2 

3 . 37 ? 

a 

5 , 5 ?* 

*•370 

9 

ft . 28 * 

5 *| 7 l 

to 

ft. 57 ? 

5.056 

1 1 

. 2 , 2*8 

- ft • ft 7 n 

12 

- 2.802 

- 3 . 2*7 


. 75 * 

•603 

• 7 7 * 

.633 

• 7 ft ft 

Wft 2 

3.131 

•631 

*'ftt 

1 .*ft 7 

3 * Oftg 

.*00 

ft . 095 

1 * 6*5 

*.ft?e 

2 . *80 

3 * 12 a 

4*123 

2.125 

*• 2*7 

3 * 6 7 ft 

3.677 

ft >030 

6 . 7,3 

7 . 7 ,? 

).ft ?7 

5 . Oft? 

3.130 

3 .ft?| 

*.*♦* 

-.805 

- 3*35 | 

-1 . 0 ,* 

1 .35 9 

-?*? 3 ? 

-1 * *ft 6 


.**♦ 

► 72* 

* as 7 
. *♦ i 

* 77ft 
*.5»* 

6*131 
ft. 501 
9.602 
1.663 

* 76 7 


The FACTOR option is called to compute and save the 
signatures (l.e., the mean vectors and covariances matrices) 
of the four training fields. The signatures of fields of 
classes A, B, C, and 0 are saved on unit 1 under the names 
of CORN, PAST, WHEAT, and SOY respectively. 


6-24 




7 

1 

9 

10 

1 I 

1 2 

1 

.6)4 

.696 

• Ml 

*509 

-.122 

-.2)7 

2 

.691 

.732 

.6fl 2 

• 602 

-.2?) 

-.267 

3 

• BBS 

.601 

.S73 

»S9* 

-.044 

-.170 

M 

.7 0* 

• 111 

, 7«*9 

• * 7 5 

-.2*9 

-.319 

S 

.691 

.MS 

.612 

♦ 6 5 6 

- • Ob 6 

-.190 

* 

.772 

• 70) 

.65s 

• 73S 

• Or} 

• 0*6 

7 

3.4*3 

♦ 7 10 

.600 

* 7h<* 

*0)2 

-.002 

• 

9.0)2 

*< )D* 

.629 

••31 

‘•iQl 

-.2)6 

9 

3 » B 3 | 

6.7)3 

7.17) 

♦ 704 

-.347 

-.1*1 

10 

9.10’ 

7.5 25 

6.232 

8*006 

-.095 

-.104 

U 

.931 

-9.629 

-7.019 

- 2 *aio 

50. * 4 ) 

.719 

12 

-.01* 

-3. 299 

-9.372 

-1*909 

2 3 * □ 0 7 

20.3*0 



ARRAY 

ii ai b 





2 

2 

3 

4 



1 

*9.211 

.S09 

.609 

•6*222 



2 

99.2)1 

022 

*•27 

II >357 



3 

0.300 

«Q*1 

.607 

•4*069 



9 

A.lll 

*0)6 

.*22 

06*150 



6 

2.991 

•01* 

.990 

91*269 



6 

1.962 

*019 

.**4 

■ ) • 0 7 0 



f 

I.JM 

• DID 

.*64 

••*645 



9 

1.302 

.009 

,97a 

*1*169 



9 

1.126 

♦ 0 0 9 

.**2 

*0 >7)4 



ID 

. 9 ii 

*00? 

.909 

08*406 



1| 

.011 

.006 

.**» 

00.2*1 



1 2 

. 9 S 1 

.006 

1*000 

07.J0B 





E [ GtNV 

1 2 &r 17 





1 

2 

3 

4 

S 

6 

l 

-.136 

.271 

-.16s 

• 364 

.*16 

.642 

2 

-.176 

*268 

-.0)7 

>332 

-.7a9 

-.02* 

3 

-.076 

. 116 

-.074 

*153 

.257 

.21* 

A 

-.116 

.166 

-.007 

• 0 0 3 

-♦ >52 

.111 

S 

-♦ 1 90 

*3*9 

-* 1 02 

.924 

.) 6 7 

-.507 

A 

-.072 

■ 3 9 U 

.in) 

.044 

-.16 1 

- * 1 * 5 

7 

-•□6) 

• 271 

.0*6 

-•IDS 

-•□03 

. 20) 

8 

-.1*6 

.396 

.075 

-.252 

.034 

-.101 

9 

-.20* 

• 239 

.D>5 

-.350 

-*149 

.1*1 

ID 

-.19) 

* 336 

,166 

-♦52n 

* 2s 7 

-.104 

1 1 

.7»0 

.901 

- ,944 

-.154 

O 74 

.006 

17 

.936 

.|S6 

.04] 

*226 

• 045 

♦ D 8 2 


7 

6 

9 

10 

1 1 

12 






0 


1 

-.PO 

* l 9 3 

.013 

-.424 

-.014 

-.007 

2 

-.102 

.9 16 

. 1 77 

* l 3A 

-.Dr2 

-.027 

3 

« 07* 

-• 1*0 

.l«0 

*765 

- • )q* 

.2*6 

4 

.221 

-.100 

-.02) 

.024 

*?51 

,525 

s 

. 1 B7 

.096 

-.302 

• 025 

.1,9 

-.152 

A 

.IS) 

-*5B1 

.269 

-•403 

-.4^2 

.213 

1 

• SJO 

-.200 

*161 

.155 

* 1*5 

-,6B6 

0 

-.793 

- » 2 6 6 

.060 

• 1 24 

.241 

-.246 

9 

.0*0 

-•DOS 

..769 

• 0 0 6 

-.257 

* 06 * 

10 

.169 

♦ 637 

.371 

- *083 

- • Gi<P 

.16) 

u 

-.029 

• 029 

-.054 

• D 0 9 

.0,4 

.017 

IZ 

-.0*9 

* D66 

-,0«B 

■ Ovp 

• 045 

• 02* 


Type yts to signaTjrf 

»YES 


CHOOSE r U E SJsBE? F* 04 | 2 

>] 

iRPLlT Ni^r TO S*vE )AT1 JH&EB 
>C»BV 

SIgMATjBE COTH has sEEV S*yEo 4* U* i T ) 

COH H HD • 12 K * ) 2 3 4 S 6 7 r 9 I Q , , ,? 

MUHUI • 441 

IWP'JT SYlBOLS FOR MASSES. 

> B 

type yes to -rim statistics fob c l ass b 
> no 

r*CTO» ANALYSIS FOB b 

CHOOSE I 4 f M A l STATISTICS FROM zFRO Ob FJ^E. OB QUIT. 
>UBO 

ZERO HAS &ECV CHOSfV- 
UH YES Tn SAyE SlGHATjBE 
>Yf S 


choose f,le vljhseb from , 7 

M 

IHPJT na^e TO SAVE q a T A iJm^Eb 

> P A 5 T 

SIgVATjBE past has aEEH 5Ay£o *<g ,jN|T ] 

PAST no * 1 l < m I 2 3 A S 6 7 A 9 I Q i [ l j 
N u H < 1 > • A A l 

ihp'jt s*hsols fob classes. 

>c 

Type yCS to pBInT STATISTICS FOp CLASS c 

pro 

FACTOt A v A L Y S 2 5 FOB C 

CHOOSE I V ! T I A l STATISTICS from zf RO OB MlE» 0 B QUIT. 

> Z E B 3 

2 E R 0 H * 5 BECV CH05EH. 

type » es to save sigvature 

>YE5 

Choose file bomber fro* i z 
>i 

iMPjt HA hE TO SAVE DATA jivOEr 
>«HCAT 
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SJgKATg'C HHtAT H*l ftE(N SAyEo ON U*1 T 1 

•heat ND * 12 ( * I 2 3 < * <■ 7 * f *Q i> II 

HUMID ■ *N1 

INPUT SYMBOL* FO* CLASSES. 

>D 

type m to print statistics fo* c l ass d 

>MO 

facto* analysis fob o 

cmoosi initial statistics fro* ir«o o f file* o* Q^it* 

>lf»0 

ICAO HAS BEEN CHOSEN. 

type yes to save sunatuAe 

>YCS 

choose file hohbe* fro* i 2 
>1 

IN p jT nahE TO SATE DATA uNOE* 

P 5 0 Y 

St 6 *»ATjA£ 5 0 Y HAS BEEN $ A y E Q 9* gNlT 1 

SOY HO ■ 12 i ■ I f » 1 i i T ■ t IQ II If 

NUHI1I • NAI 

iNpyT SYMBOLS FOJ CLASSES, 

> LEAVE FACTO* 

THE OPTION FACTO* REQUIRED *,AA>* SFCONOS OF CPU TIpE. 


Ente* aste* option oh typt * *lan* 

?DATBef - 


datoef option 


The DATDEF option Is called again to define and extract 
the test field from the LARSC1 flight line. The test field 
contains the training fields defined previously (see Figure 
6.2 on page 6-3) , 


•in°IT° N F |E k - !) » | T H f , 4, *, K * |PC vC E 

> v I M 1 , A T U fsj F t E L n - I 1 ltCKHf‘1 » l T P N 0 ■ 1 

> 1 « ?S'a ■ 1 . R»* l • H A 

NF I El 0 I iTpFMT l JTP*0 l A 2fi s -0 B "1*0 IDfVCE 0 

CHANNELS SELEfTEDi 1 ? S * S A 7 * 0 ,l 1 2 

Type tEs if inputs a«e of 

> Y rt 

*1 NVLOD ijtarT, is<I p. I l*C . jSTARt , js< Ip« JIhc 
Input 1 field data 

> % I N f L 0 0 1 ST AKT.atiO, ISMH- I . I Ir.c.?u. JST A R T M U • JbKl *■ I »J[KC«8Qi 

FIELD ISTATT I SIC I P 1 1 N C J5 T A h T J5K1P jl*C 

] Ago l »0 10 l &D 


<> 


ItPE rE5 IF INPUTS APE 0< 

>YES 

the option datoEf retired Seconds of cpu tine. 


Enter astEp option dp type a blank 
>un r t 5 — 


U N | T 5 DpTIdn 


The UNITS option Is called to see the nominal unit num- 
bers for the files used by ASTEP. 


* A v 1 Huy 

N . O* 

• END 

» I NUN I T 

Ifl&UNT - *S 

DfcTUNT - ♦* 

OBSJNT - *7 

ISIfiFj • ♦! 

IS I G F 2 m ,2 

IHISFI ■ *10 

I H I SF 2 ■ *|] 

1 H S 1 « At) 

IMG? ■ »0 

DBS) • *8 


• End 

Choose option from 
cycle change 3 j i t 
>» u r t 

the option units required 


*12 » 


♦ » 


♦0?7 a SECONDS DF CPU TImE. 


Enter astep option or Type a blank 
phakli k - — 


naalik opti n n 


The MAXLIK option Is called to classify the test field 
using the signatures of the four training fields previously 
saved by the FACTOR option. First the signatures are retrieved 
by using the RED5IG suboption. 


CHDDSE Hi ff LI K Option f*On 

NtOSU P*dcss 6 J I T INp^U 

* *E OS I 0 

CHOOSE F!lE NJhBEr FRO* l or f or choose Q TO OUlr. 
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INPUT r f 5 TO PRINT jUNMijRfS RETRIEVED FROM FILE 1 
*N0 


LIST NAMES FDR 

signatures. 

END 

list 

pl ?H 

NO mO re • 



>CORN 















CORN 

no • 12 

< 

m 

1 2 

3 

A 

s 

6 

1 

B 

V 

10 

1 1 

12 

K J H I |» 

>PAST 

■ MR 1 














'AST 

no • 12 

K 

m 

1 2 

1 

H 

5 

6 

7 

B 

9 

1 0 

1 1 

12 

*UNU I 
> *rt E A T 

• H A 1 














• MEAT 

NO • » 2 

K 

a. 

1 2 

1 

H 

S 

A 

1 

A 

9 

1 Q 

1 I 

12 

NyM t 1 1 
MOT 

■ HU 














SOT 

No ‘ l2 

K 

w 

1 2 

a 

H 

s 

A 

7 

8 

9 

i a 

1 1 

1 7 

Will 

* HH l 














>NOMORE 














choose 

riL f ^ohbcr 

FRO H 1 

OR 

2 

OR 

CHOOSE 

0 

TO 

0U 1 T * 



>0 

H SISNRTURES HAVE SEEN pETRltvCD 

CHOOSE NAxLJn OPTION FROM 

A E D 5 I G PR0C55 3 0 1 T I *4 r S I & 

>pR3C5S 




1C D J 5 

M B Y H 



l 

2 

3 

H 

1 

13.3SA 

1 AT . iHi 

SJ3.8H7 

5 M ♦ A 6 n 

2 

1 A3, 26 1 

1 □ * 0 S 7 

I5A8.25* 

520- 1 S? 

i 

| Aft, AM 

fc»2. TpS 

U.*2 l 


A 

AM-S43 

ABA- J20 

3 R 7 , A ? S 

10*277 

CL»SS 

Symbol 

SUE 



1 

A 

MSI 



2 

8 

Mfc A 



3 

C 

ISA 



H 

D 

HDS 




CHOOSE HXLU OPTICS FROM 

AEOSU »R3CSS GU1T INpSIs 

» a uM 

T H E OPTION * L E "= RfSylRfo ?5.0J5“ SE C ON 0 5 Of ^ Tl M E* 


enter astep option or type a blank 

> 1 N A G E 5 * 


] H A b£ 5 0 P T t OS 


SELECT i m » g € s option from 


The IMAGES option is called to display the results of 
the maximum likelihood classification of the 1? channel test 
field data. The THRESH suboption is called to set the thresh- 
old to a large number so that no pixels will be eliminated 
from the image. 


min jj*w i isms m it 


>THWl SH 

•[NTHBC THRVAt.Nl NPl * . Jf lELO 
> sINTHKE 1 hr *ALp ?mUi> f 


U VTHRC 

Tmrv*l ■ »a3aotnoOE*oH 

M I NPl I « ♦ I 

I r [ELD ■ »0» 

♦ 0 » 
♦ D. 


*0 , ♦ 0 » * D i 

+ 0 i • 0 » *Oi 

♦ 0 


»E*0 

Type yes if INPUTS **E CORRECT. 
> V E S 


SELECT IMAGES OPMdn FRO- 

StatjS inuNif Thresh symbol allcls 

ECHClS SUBSET BORDER INSJOE IH9UIT 

— — 

type the string of h inage symbols desired* 

>(MS 

CLASS SThBOL ASCO 

Image symbol cp*s 

Type yES TF INPUTS ARE CORRECT- 
> YE 5 


The SYMBOL suboption is called to change the image synbols 
from A* B, C, 0 to C, P, W, S corresponding to corn, pasture, 
wheat and soybeans respectively. 


sel e c t ih*g e s 

5TATJS 

tCHCLS 

OPT 1 QN 
I HU N 1 T 
SUBSET 

FRDm 

thresh 

border 

stnrOl 
i nsi&e 

ALLCLS 

InQUIT 

'ST A l IIS 

InunIT thrval m r m p j x ifIel-> 

3 2000-0 1 0 o 

o o n 

D 0 o 

CLASS 

CLASS 

1 mA SC 

number 


number 

symbol 

symbol 

OF PI AE L 5 


J 

A 

c 

MSI 


2 

0 

p 

M4» 


3 

c 

p 

JS‘ 


H 

0 

s 

M 0 S 



The STATUS suboption 1$ called to display the current 
values of the class symbols, image syntols, etc. 
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SfLtcT 1P**CI OPTION FROn 



iraTut 

[HU*IT ThRESN 

5VP*»l 

ULCL* 

*CPCL» 

Si>*SCT BORDER 

inside 

tPOUlT 

>*LLtL* — ■ " 




tN*»l Pa* 

PT2UD 1 




The ALLCLS suboption Is celled to display the Image of 
all classes. The BOROER and INSIDE suboptions are called to 
sh» the boundary and Interior pixels of each class In the 
Image. 


till 

OlUlQ 2 « 4 l 02 UlD 2 *lilS 2 m 024 i« 024 tia 2 ^ 4 tO 


i DO CCECCCCCCCCCCCCctcSPMMMMPpM^fffMM 
*01 CCCCCCCCCCCCCCCCCCCPPPPPPPPPPPMPPPPPPPPP 

*aa ccctcceccccccccccccppppppppppp^pppppppppp 
*0* CCCCCCCCCCCCCCCCCCCPPPPPPPPPPPPPPMPPPPP P 
*0» CCCCCCCCtCCCCtCcC|PPPpP*PPPPPPPPP»PPPP»PP 

4 1 Q ccccctcccccccccccscppppprpppppffppppppppp 

*22 CtCCCCCCCCCCCCEcCctPPPPpPPPPPP^PpPPPPPPP 
*i* cccccccccccececcescppppaprppppppppppppppp 
*2* CCCCCCCCCCCCCCCCC#CPPPPPPPPPPPPPPPPPPPPPP 
*lt CCCCCCCCtf CCCCCCCCCPPPPPPPPPPPPPPPPPPPPPP 
*ID CCCCCCCCC[CCCCCctC(PPPPPMPPPpPPPPPPPPPPP 

*22 cccccccccccccctcctcpppppppppppppppppppppp 
*2* cccccccccccccccccclrppppppppppppppppppppp 
*2* ceccccccccccccccccsrppppppppppppppppppppp 

*11 CCtCCCCCCCCCCCCCCctPPPPPPPCPPpfPPpPPpPPPC 

*J0 ccccccccccccccccccsppppappppppfpppprppppc 
*2i eecccceccccceccctcfcppppppppppppppppppppc 

*J« CCCCCCCCCCCCCCCcCCtPPPPaPPPPPP^PPPPFPPPCr 
*2* CCCCCCCCCCCCCCCCCCCPPPPPPPPPPPPPPPPPPPPCP 

*»t cccctccccctccccccc»cppp»*ppppppppppppcccc 

*<0 CCCCCCCCCCCCCCCcCCCPPPPPPepaPpPPPCCPpPCM 

*<■ cccccceccccccccccc*pp'p»'»ppprSi5 5ccci*Si 

*** CCCCCCCCCCCttCCcCcCPPPPPPPPCCcCpPPPCcSCC* 
at* |««P<*««««I4«H#MICSMSSS$SS$S2S;5SSSSSS 
i-tfl M««<««pi«p««*««i»isssssssjsis5s$ss!ssiss 
6&0 ««MM«»>««»l!MMM5»3$^1SSs2SSsSSS;tSS 
a&2 M *»#««««** *#«*««« « 5 5 S$SSSSSSSSSS$SS55SS5 
*54 |»*4 P«M«#««M«M«iSSSSS$S5SSsS 5S;S1S552S 
&Sa «*«««*«« 5 ?SSstS5$S$5$S5£3555S5 

as* a*«««««*««P»PaN4PAP«rs5SS555SSsSSSs$SSSSSS 
aao |«««II««I>MM«MMMSSSISS^SSSS15SSSISS 
**2 «t«MM«lP*P«MHMSSSS^SsSS;S52s<;S5S5SS 
**« 

*** »»*«■ «#*«««» t(*44 A 4PSSSSSSSSSS5S5SS555S55 

**B PIPMMP»MH«P««MSS2$5$SSSS51SSS1$SS5>$ 
*?o «*aa ****** a ««««*«« PPSSSSSSSSSSSSSSSSSSSSS 
*72 ««««*«#««««M*4«*«*S$S$$S53*SS$553S555S5| 

*7* M«*l*««»«M«4PM«pSSSSSSSSSSS$5SS;SS!i^S 
*76 M«H*P«MMMPMM«$SS!;;S!S;SJS!S!SSSSI 
*7 1 MIPMMllMP«P^«MSSS$Sj;SSsiSSss3SSSSS 
*•* H«MPMP««l««««*ft»2SSM5!l5SS$SSn!SI!IIS 


Jlllcr T«1*Gt$ OPTION raoi 

*T * T jS [PUNIT T-iRfSH SYNbOl *LLCt.5 

ECHCLS Subset BO»OE* fNS]PE IHPUIT 

pBORDER 

ixaec r 0 * *ll classes ro* ritio J * i T H qni.t *£>RDtR pjri l i printe* 

11 11 1222222323 34 H <t44 S55 S £ 6 6 * 4 6 7 77 77*1*1*9 
a?'tt.eoZ4*B02M*Bo24*flo2Hi*D24*^0246932***0 


*00 

CSP 

*02 

CP 

* 3 4 

CP 

*0* 

CCP 

*0* 

CsP 

*lg 

CSCP 

*12 

CCP 

*1 4 

CSCP 

*1* 

CRCP 

*18 

CCP 

*20 

CP 

*22 

CP 

*24 

CS» 

*2* 

CSP 

*2* 

c*p 

*30 

CSP 

* 3 2 

CSCP 

*3* 

CP 

*2* 

CP 

*3* 

CSCP 

*R0 

CP 

**Z 

CSP 

*«H 

c ccccccecccccccccccpp 

*R* 


*R* 

as 

*So 

as 

*52 

«S 

aSR 

as 

*54 

*5 

*50 

*S 

4*0 

RS 

**2 

aS 

**« 

«s 

*** 

as 

**l 

as 

*70 

as 

*7f 

*9 

*74 

as 

*7* 

• 9 

*7* 

*s 

*•0 

RS 


p p 

CP PC 

p PC 

PC 
PCP 
PPCP 
pp PCCCC 
PPPCCPPPCPP 
PPp**SSCCC«5Sd 
•CCcCppppCC*CC* 
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SUtCT i«*fi£S OPTION FRO- 

STATUS t*UNlT ThPEsh «T*»Ol AU.CL* 

EchCls subset bo*de* insioe i h«u i ▼ 

HNSior 


i*a«£ f }» all poa field \ «jTm o n ly iNiigt ^,it L s paiNtid 


mi 122222 33 3 33444 4 45545*44*4*7 77 77«MM4 
02 , <4Ba2H*402*<*BD2 t uBai4*iDi4*ioa4*ioj4*iQ 

*od cccccceeecccccccc ppppppppppppppppppppp 

»9J CCCCCCCCCCCCCCCCCC PPPffrPMpFpPppppPPPP 

*01 ccccccccccccccccce ppppppppppppppppppppp 

40* CCCCCCCCCCCCCCCCC PPPPPPPPPPPPPPP PPPMP 
40* CCCCCCCCCCCCCCCC ppppppppppppppppppppp 
410 CCCCCCCCCCCCCCCC PPMPMPPpPPMMPPMP 
*1? CCCCCCCCCCCCCCCCC pperppppppPppppppMPP 
*14 CCCCCCCCCCCCCCCC PPPPPPPPPPMPPFPPPPPP 
41* CCCCCCCCCCCCCCCC ppppppppppppppppppppp 
4I| CCCCCCCCCCCCCCCCC fpppppppppppppppppppp 

410 CCCCCCCCCCCCCCCCCC pppppppwppppppppppppp 
ill CCCCCCCCCCCCCCCCCC PPPPPPPPPPPPPPPPPPPPP 
ill CCCCCCCCCCCCCCCCC pppp*pppppppppppppppp 
41* CCCCCCCCCCCCCCCCC pppppp PPPPPP PPPPPPP 

411 CCCCCCCCCCCCCCCCC PPPpP ppppppppppp 
*30 CCCCCCCCCCCCCCCCC PPPPPP pppppppppppp 
*31 CCCCCCCCCCCCCCCCC PPPPPPPPPPPPPPPPPP 
431 CCCCCCCCCCCCCCCCCC PPPPPPPPPPPPPPPPPP 
ili CCCCCCCCCCCCCCCCCC pp»»ppppppppppppp 
*3* CCCCCCCCCCCCCCCCC PPPPPPPPPPPP p 
*40 CCCCCCCCCCCCCCCCCC PPP*»PPPPP 

*42 CCCCCCCCCCCCCCCCC PPPPPPP 
*44 

*4* 9 

441 S55SSSSS5$SSSSSSS5S5S 

4&0 MHIMMNMI4IM.V S 5 S S S S S $ S S S S S 5 S S S 5 S 5 5 
4*2 *4*11*4 »*****«*»,,** SSSSSS55SBSSSlS)5SSSS 

*S4 ««*««««« P#l«fr«4A* 4 SSSSSSSSS5SS5SSSSSSS5 

456 S554iSSSSsSSS$SSSSSSS 

ill 55Sl5SSSsS5!55SiS5SS 

*40 ssssssssssssssssssss 

4*2 SSS555SSSSSSSSSSSSSSS 

4 4 H SS5S5SSSSSSSSSSSSSSS 

44* S S 5 5 5 S S S 5 S S 9 S S 5 S 5 S 5 S 

*6B SSSSSSSSSS5S5S5SS5SS5 

470 ««»*<*«*•««*»***«*' S55SSSSSS5SSSS555S5S 

ill SSSISSSSSSSSSSSSSSSSS 

4?4 M***»M*»l**itt**** p# 5S355SSSS5S55555SS55S 

67* ssssssssssssssssiss* 

*7fl iinlll<tM«IN««««4 SSSSSSSSSS5SSSSSSSSS 
*40 ««« 4 I *••«** ••*«»«* SSS555SS5SSSSSSSSSSSS 


select 14 A 4 CS option fro^ 

status ipjnit thresh syhaOl allcls 

ECHCLS SUBSET BORDER INSlOt IPOUlT 

MHOiilT 

the Option IhagES RESUMED 2.59d2 SEc q ^OS OP CPU M * 


The FEATSL option is executed to confute the transfer- 
nations necessary to reduce the test field data from 12 
channels to a smaller nuirter of channels while Still main- 
taining a high degree of data class separation. 


CHOOSE pile NuhbEA F» 0 n I 04 2 OR CHOOSE 0 TO MuIt. 

>1 

IrP.jT TEs To A»JNT 5 T <j N aT i RETRIEVED f,OH fU* 1 
>N0 

LIST N A HE $ f 31 SffiNATjRES, ENQ L t S T *JTn nOhD»E« 

PC01N 

COIR No * 1 2 * “ I 2 3 4 5 * 7 P 9 10 j i i ? 

NuPl ||" Hi 

>P»$T 

P 4 S T N 3 ■ 12 X * l 2 3 4 5 * 7 B 4 10 i l 1 2 

AUN<n • HI 

>«HC M 

* HE A T n 5 • 12 K • l 2 3 R 5 * 7 4 9 10 l l |? 

NuKfl) - 141 

>SOY 

SOT Ng * I* * - 1 1 3 4 5 4 7 8 9 10 U IP 

NU*<|> • 441 

pnomoie 

choose ml* mjhber fron i op 2 01 cho°se a to 4 j 1 t • 

>0 

4 SUN 4 TUACS HAVE been «€Tr|EvED 
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choose feature sci<ction option pioh 
SUM* *e»LCC QUIT 
CINOH 

PREPLCK — 

I | hirtAT ]CNAMtlHX**[>TH'TOLl4<l*U>'tFl« 

> jMiftit fOIN»i i 

NuNlCt OP CHANNELS SElECTfO ■ 1 LL « N 

Type tis \t inputs Mt o« 

>TES 

r Tf t r(S to input iNfCPCLtis iEianrs 
>NO 


The ftEPLCE suboption Is used to determine the best four 
of the original twelve channels which will result In a minimum 
loss of class separation In the data. The separabll ity- to- 
be-gained map is displayed. The data transformation matrix 
(BMATX2) Is computed and saved on unit 2 . The signatures of 
the training fields are transformed with BHATX2 and saved on 
unit 2 as S1G1* $[G2. SIG3, and SIM. 


CHANNEL 

sntcm* 

t 

MtAMi 

pi VER lEHtl* 

HnMi 

CHANNEL 

JClECTEO-I 

11 

AvCRABC 

PI vC'IEnCE* 

lllilM 

Channel 

lEttCTEO" 

| 

AyENAfit 

DIvERUNCI* 

}AvMl 

channel 

1C L E Ct £ 0* 

Y 

AyEfAQE 

S>UCR«tNCC« 



RATIO" ,jm d 
KStlO- • t«lO 
RATIO* « 41 AS 
RATIO" .Till 


HA*.* *2Q*ANt AVER. Ot *1*4" 2*4«a«3 .10*1 


Trrf yfS TO OlSPL*T INTIrcLAsS DTvERUENCES 
>TE5 


class 

na 1 1 Hun 

CONPyTEO 

*A 7 I 0 

1 2 

1*2*1 

B1 ,2 

• tool 

i i 

)M>S 

2*4. N 

•*♦12 

1 1 

H ■ 0 

«4» 

• Ml7 

1 J 

HIM 

YOU* 

• 7421 

2 4 

soo*o 

»o.i 

• 7010 

1 N 

272*2 

nu 7 

*4107 

Type its 
>YEJ 

TO 5 I 5PL A Y NEPAR*ali.ITy 

TO BE SajuEo 

NAP 

i INPUT 

*A la « Ila9lm, UABLY 

» KOBE 



JLABLr«t,Hf* « IS* ILAWL* 

fcr ,HA*AAiS * 



HMl • InOD IC03E • 1 

K-J N I S 

(■till 

type Y E 5 ir INPUTS IRE 0< 
>t£S 


raus 


v 5 


« 1 0 


725 


545' 


N35 


1 


2*3' 


0 t*5 2»D n 3 fi &ao 725 A?0 IqI* 


type 

>TM 

Trpt 


>Yrs 


TfS 


VF5 


T° Q 1 5PL * T r «ANSFO*HE0 CnvANjANCcS *Np MEAN VfCtORS 
TO SAVE TRANSFORMED SIGNATURES ON SUNATUrE F |L* 
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CLASS • 1 


transformed 

COVARIANCE 



T.3DA 

-1.21* 

S.47R 

*»71j 

-J, J19 

20.36a 

-2,40? 

-A. 37? 

5,W» 

•2.802 

A. 8*1 

4>2M 

4,733 

•R .172 

1.287 

7 • l 7 1 

TrinSpoRnEO 

"IAN VECTOR 



74. *1* 

7B.1t) 

81.77B 

6 J *277 

choose fi l e 

number from 

1 2 



*2 

Input m n t to save data under 

>mi 

SIGNATURE S t e 1 HAS aCCN SAyEo oh UN J t 2 

SIG 1 ND i u • 12 IN 

NuhH) * 1 


class . 2 

TRANSFORMED COVARIANCE 


l .711 

-2.3)3 

.273 

•82) 

-2.311 

G) .717 

-.168 

-2*222 

.271 

-.1*8 

1.707 

*177 

.821 

-2.222 

.377 

1 «f 17 

Transformed 

mean VECTOR 



t«.N»0 

M2. *04 

71. *1* 

Sb-tR* 

CHOOSE FILE 

number from 

1 2 


>2 




INPUT NAME 

»M 1 RJ 

TO SAtff DATA under 


SIGNATURE S J G 2 "A? BlEN 

SAvtO 

r>N UN) T 2 

SIG2 NO • 

« « • 12 

3 1 


Nun m • 

1 



Cl*s* • 

3 



transformed 

Covariance 



J3*.77S 

*3.24] 

l 4 » 1 * 3 

77*32* 

63.241 

1 7 » 2 B j 

7.378 

13*0*2 

1 5 * 1 63 

R. 17 8 

6.814 

9 » 7a j 

77 4 3?b 

83.06? 

7,783 

62*036 

TRANSFORMED 

mean VECTOR 



1 1 j , UB 

74.002 i 

80.760 

7**023 

choose f I L r 

NJM6ER FROM 

: 2 


>2 





input name to savt data under 

»S1 S3 


SlGNATuRf ilti HAS ftEEN SA V Eo ON jNjt 2 


SKI no * 

1 It • l 

2 11 


luiui ■ 

1 



class • i 

TRAM5F3RMtD 

COHRJ *nc£ 



4.664 

2.71) 

1.1*2 

3*721 

2.711 

7.117 

,127 

| * 7 f) 3 

1 « I 7 7 

.127 

2.117 

* 7* j 

3,728 

1 .703 

* 7 S 2 

1-292 

transformed 

IE * N VECTOR 

a 7 , l 73 

77*281 

Hfl . 9 J 1 

7 3 ■ 7 3 ? 

CHOOSE F I L S' NUMBER FROM 

1 2 


>2 




Input name to 

save jata 

UNDER 



» 5 fSl 

SUNATuRC SKI HAS BEEN SAvED 3 N U«l T 2 
SIGN NO • 1 < - I 2 J N 

Nun H ) ■ i 

F *PC T f 5 TO OlSPtAT feature SPAfE nATrU 
>Tf S 

F E A T g Rf SPACE TRANSFORMATION nATRlx 


rO» 
, 300 

- 1 

.00 D 

.000 

•0 00 

*000 

♦ 033 

l .000 

. 300 

000 

• odd 

10* 
. 303 

■ 2 

*000 

.000 

* 0 0 □ 

♦ noo 

*003 

, 000 

.OoO , 

ODD 

• OqO 

R0» 

1.030 

■ 3 

*000 

.DUO 

• 0 DO 

* ooo 

• 030 

, ooo 

.000 

000 

.000 

10* 

.303 

• 1 
*000 

• QUO 

♦000 

*ono 

. DDD 

.300 

l.OoO 

000 

. Ooo 

TtS TO 

SAyE B-haTrjx 

ON SfflHATURE 

Hue 



>rcs 

choose t il e nj„ber troh i 2 
>2 

input name to save data under 

> BHATx ? 

SIGNATURE B H A T * 2 has BEEN SAy£o ON UNIT 2 

BNATI2 NO * 12 k - ! 2 2 N 4 * 7 8 ? 1 0 j | j ; 

N LI M f I ) * 1 

TT^E T E 5 TO CONTINUE ?h| AIThOjT REPLACEMENT PROCEDURE 
>NO 


*000 

,ooo 


.000 
l .00 0 


*000 

.000 


• 000 

.000 
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CM03S £ FCAtuRE StLECTJON option moH 

SU*SR RCplcE Quit 
CANON 

>*U*»P— — ■ " ■'■'■■■ " '■ - ■ 

Type in oinension or feature spae* 

I] MFC AT ICNAN*lN*.FDlN.fOt.AU *J» , Iftt 

> i f NFE A T K01N*N* 

SELECTED 01 nCns [ ON CguA u S N 

type Tit ir inputi are of 
>TII 

I N I T t A l t 2 C t HE R*NATPUx AT S*lIcTlN« ONE oF TmC FfiLLO#l"| OpflONf 

CHANA L vECtOR OCFALT AflTRf 

>oef*lt 

Type yC5 TO INPUT INTERCLASS rcishtj 
>N0 


N A P * " *20,6*5 

AVER. 0 1 V E Rft 

• nio« 2 i* 

RATIO" 

TYPE »IS TO d I 5 pl a y inTEvCLasS 
>Yts 

Oj VERftCNCcs 


Cl a 5 5 

n A 1 1 nun 

confuted 

PaTjO 

1 2 

162. H 

181,5 

• *327 

1 1 

35 * » 4 

3 N 0 , * 

*RA J • 

t N 

12*0 

NS.I 

.fim 

2 3 

1 1 * 2*8 

1172.* 

• **l i 

2 H 

500*0 

N?i.a 

.TITS 

3 H 

272.2 

25N.* 

• a)*a 


T TpC y£S TO OIspLAy SEFARi6lL*fY To *E GAINED nAp 
>TES 


• INPUT NAXX. 1 t A0LX, IlA8lY, UOpt 

> UN«»UT | |.AiU.Y»*ni -AX IS ► I l Abt Xsft.iJl-A * I S S 
NAXX * IgOn l C ODE • 1 


The SUBSP suboption Is used to determine the best four 
llrteir combinations of the original twelve channels which 
mITI result In a minimum loss of class separation In the data. 
The separability- to-be-gained map Is displayed. The data 
transformation matrix (BHATX1) Is confuted and saved on unit 
2. The Signatures of the training fields are transformed with 
BfMJXl and saved on unit 2 as TSIG1, TS 1 G 2 , TSIG3, and T5IG4 . 


x-aris 
T-A*1 S 

type tcs rr inputs arc ok 
P YE 5 


Y-*X 1 S 


X-AXIS 


V5 


l**5 2* 0 N3S SID 72§ ftTQ iQl* 


ttpe ff5 to display t*an*fo»nc» covariances and nc* n YfCtors 

* Y£ S 

*YPE vfS TO SAyC TRaNSFORnCO SIGNATURE* On S 1 (NATURE f|LC 
>YES 
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CL»SS • l 
T»ftNlrO*„CD 
7 ] . 8 I J 


'♦0*6 
-1 43? 

-U ,8*3 
t pansfonhec 

13,759 


\COv«»UncC 


5082 Ul9 t 

1*3*1 38.1*8 

2*600 30.732 

HE»N VtcTo* 

59.5*1 73. *08 


choose rue nuhbCp rnox i 2 
>2 


-U**N) 

2*600 

Jd*?» 

3q« 3*9 
l 3 l * Oil 


input ** n e to save qat* jmoc* 

»TSUl 

5tfiN*Tu8E TSUI H*s SEEN S*yC& qm u«?T 2 

T 1 I 6 1 N D • * * ■ 1 2 3 * 

NUNfll ■ * 


class - 

2 



T**NSromo 

CO V*4 I ANCE 



70.813 

17.8*7 

39,40* 

-29**03 

1 2 .8*7 

5.77m 

-9.009 

•Mil 

O*. 404 

-9.009 

25.552 

1 8 • 104 

-29.603 

-7.1U 

|«» 10* 

14*3*7 

UANSfOPmED 

HEAN VECTO* 



1 1 1 .350 

67.554 

44.875 

99*53? 

CHOOSE FILE 

NJNBE* FROM 

1 2 



>2 

UPgT *ME TO SAVE q* T A jndEb 
> T S 1 t j 

Uq**Tj*{ TSU2 HA 5 3CEN SA v eo ?N UN(T J 
T S Ifi 2 *!>■*<■ 1234 

NuhUI « 4 

class . 3 

T8*NSf04m£!> COVARIANCE 

8*. 95* 9T,!*U *9.496 57*027 

97.1*1 111. 013 115.972 7 o • 7 9 | 

9*. 8*6 115.972 141.880 76**69 

S'. 327 70. 79 1 7** 669 56079 

TRANSFORMED HE A N VC C T 0 9 

87.753 88.063 I35.il? |5o*087 

Choose rn.E number F40m i 7 
>2 

UPjT NAME TO 5*VE OAT* UNOU 
>T5 1 63 

SIsV*Tu8| TSU3 N*5 b££M $**£(! ON uNjT 2 
T5U3 ‘tO • 1 < ■ 12 34 

*U H II ) ■ 4 


class * m 


t**msfo«ueo 

CQvAMI «mce 



1 l *909 

6.050 

.713 

-1*018 

6.050 

5.427 

3.925 

1*574 

.713 

3.925 

10.373 

5*975 

-1.018 

1.575 

5,975 

5*132 

UANSfONmEO 

HEAN VtCTp* 


85.206 

68.762 

96.012 

1*5*036 

choose file 

NUHdER MON 

1 2 



►2 


UPJT vu h e TO s * V E o»T* UmoF* 

»TSI6S 

SUH*Tg*C TSI34 HAS SEEN S*vEO ON UN|T 7 
T S 1 5 4 XO ■ 1 < * 12 34 

*U*M> » H 

type r tt to outlay feature s p* cf ,ir R u 

ms 

EEATJPC SPACE T9AVSF0BHAT1 oN * A T 9 1 * 


qOA 

-.139 

■ l 

.095 

-.3*1 

*27* 

* l 7 * 

-.472 

.1*2 

. 1 M5 

. 1 67 

.*37 

9 3 A 
- » 3 5 8 

■ 7 

1 9 B 

-.1*7 

-* l9fl 

*407 

*216 

.585 

.291 

-.272 

• Ml 

40* 

.007 

■ 3 

. 004 

-.002 

- * □ 2 A 

• 036 

*074 

. *80 

*559 

.*60 

-•2m7 

40# 

,479 

• 4 

.276 

,053 

*285 

* 2 0 8 

*08) 

.153 

• 0*1 

-.094 

-.16* 

Type tes to 

5*v£ 9- H A T R j » 

ON 51s 

vatjSe file 

ms 

CHOOSE F l l.E 

4jmBE 4 F90i | 

2 




>2 

iNPJf v«n E TO s*v E o*t* vnoen 
► flHATxl 

SlGNATj^C 9 H * T x 1 H*S BEEN SA*E& OH UN J T 2 

I N * T 1 1 NO - 12 K * 1 2 3 4 5 6 7 3 9 13 ! i 17 

NjN I 11 • 4 


-4 19* 

.522 


• IDO 

121 


.202 

..3*8 


.657 

-.259 
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CHOOSE rettu'E jfLt C T10M 0 P T|OW rNO* 

SulSP «PLH QUIT 
CANON 
►QUIT 

THE OPTION PE A T 51 ACQUIRED it.Wli SCC9M09 Of CPU TUC, 



The TRNSFH option Is used to transform the unpacked 
twelve channel data using the transformation matrix BMATX2, 
generated by the RE PL C£ suboption of FEATSL. The transformed 
data are written on unit 20. 


choose raON 5 c*l* q« tnans* 

>TMH| 


SINTPNS D ATunT f NCeCHkT 'A i» 
> iJHTKhs t 


tTNTRNS 


DATUNT . 

♦ N 

NENblT * 

♦20 

A « 

»ODOOOQOOE*OD 

B * 

* I NO 

. ioaoooooc«oi 


ttpC yts ir inputs ape connect. 
»TfS 


Choose the nu„ben fad* i on 2 choose n to OuJt* 
>2 

Input ye* to paint signaTune* nctnieve3 f*on filC 2 

>*E* 


LIST HA H CS rON SlGNAtUNfS, EN 0 t l 5 T A»Th nOrON!. 
> 1 HAT if 


OH A T X 2 

NO - 1 2 

< • 1 

2 3 N 5 

t 7 a 

’ 10 |1 12 


Nu*l 1 1 

m M 








KEAN 

1 B* 12 






all f e noe s • 






CO VN AT 

l 2 8 if 12 





I 

2 

3 

N 

& 

A 

1 

.000 

• ooo 

l.oon 

• OOO 

.Dno 

,900 

2 

*000 

• □oa 

• OOO 

• 009 

• Dna 

• 009 

3 

• 000 

• 000 

• ooo 

• Q Do 

.000 

• DOD 

A 

.000 

• ooo 

.009 

• ooo 

* OflO 

.000 

5 

f DUO 

■ ODD 

.000 

♦ ooo 

• ODO 

♦ OOO 

A 

• ooo 

• 000 

.000 

• DOo 

♦ Ooo 

• ooo 

7 

• ooo 

• 000 

.000 

• ooo 

♦ DOO 

• ooo 

a 

1.000 

• ooo 

• 00a 

♦ DOO 

.OqO 

• DOO 

V 

• ooo 

*000 

♦ oon 

1 .000 

• OqO 

• ooo 

lo 

• ooo 

• ODO 

• ooo 

* 0 D [} 

♦ Ooo 

• ooo 

1 1 

.000 

• 090 

• onn 

• OOO 

• Ooo 

♦ ODD 

12 

• ooo 

l *000 

• ODD 

• DOO 

• OqO 

• aoo 


7 

B 

9 

10 

1 1 

12 

1 

■ ooo 

• aoo 

.000 

♦ ooo 

. ooo 

• DOD 

2 

« ooo 

• 009 

• D00 

• DOO 

• ooo 

• ooo 

3 

• ooo 

• OflD 

• ooo 

• 090 

• OOO 

• ooa 

A 

• ooo 

• ooo 

.000 

• oao 

.900 

• aoo 

S 

• ooo 

. 000 

• ooo 

• DOo 

• 0(10 

• aoo 

a 

• ooo 

.000 

. ooo 

• DOo 

. DoO 

,000 

7 

• 300 

♦ ooo 

.ooo 

♦ aoo 

. OqO 

• aoo 

• 

• ooo 

• ODD 

.000 

• ooo 

• oqd 

• aoo 

9 

• DOD 

• 000 

• ooo 

• ooo 

• OqO 

• ooo 

l? 

• ooo 

• ooo 

.000 

• DOo 

• OQO 

• DOD 

1 1 

♦ 0 DO 

• ODO 

• oon 

• ODD 

• OqO 

• 009 

1 2 

• 000 

• ooo 

.000 

• DOo 

• Ooo 

♦ DOO 

>NOHOhE 






CH005E 

>0 

rl LE NJmNEN Ff on 

1 ON 2 nN 

CHOOSE 0 

TO QUIT. 


i signatures 

NAVE been 

RETRIEVED 




UNITE 

?7ii AO'DS on jN 1 t 

20 




NN1TE 

27aa aONOS ON UNIT 

20 




mite 

1 1 ns *0*9* on unit 

20 





the option tnns rn nequined s,2ia* seconds or cpu tine. 


E N Tf ? ASTEp OPTION OA T»PE 
> UN I T 5 ’ 


blank 


SlT 5 OPTION 


The UNITS option is executed to cycle the Image unit 
, muter. The Image generated by KAXUK for the twelve channel 
data currently resides on unit 3. 


»» VI NjN 
N 

• END 


♦It 
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• inum r 


1 MSJNT 

• 

♦ J 

DATUM 

9 

♦*0 

Oftstm 

9 


rsroF i 
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• END 




choose option from 


ctClt 


chance quit 


>C* * N St 




tlM^Nj T 


i hcunt »d* r u*t 

► o s S L 

> % i ml n t r 

IMtUhllJ? 4 


ilNjNj T 




Insult 

m 


* 12 

o*r J.NT 

u 


*20 

obsunt 

m 


♦ 7 

iSIfiFj 

m 


♦ l 

ISI 6F2 



* 2 

IhISF 1 



♦ 10 

1 H 1 S F 2 

m 


* l 1 

1*6 1 

m 


♦ 3 

MS2 

m 


M2 

Oasi 

m 


• 8 


The DIFIMG option assumes that the two Images to be 
differenced are on units 1KG1 and IMG2. The Output of DIFIMG 
will be on IMGUWT, 


. I H I5f?, IH&l • I M r ,2 >0B» 1 


The CHANGE suboption is called to reset the next avail- 
able Image unit number to 12. 


*ENQ 

Type yes if inputs 
>»f5 

the o»tioh units required ♦iao3 seconds or chj time. 


inter astep option on Ty*e * blank 

. H A X L ] < — 


naxlik Option 


The KAXLIK option is called to classify the data trans- 
formed by BKATXl , The transformed signatures TSIGl, TSIG2, 
TS1G3, and TSIG4 are retrieved by the REDSJG suboption. The 
resulting image is written on IMGUNT (i.e., unit 12). 


CHOOSE m*xiK option from 

REDSTd PRdC35 QUIT INpSlG 

>RCO$I6 

choose file number from i or t pn chd°sc o to *ui t , 
► 2 

Input y*s to print sibnatuRIs retrieved fro* pile 2 

>fCS 

list NMtS FOR SIGNATURES* end LIST «1Th N 0p»0 Rl • 

>r si si 
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rsiti 

nd • 

9 

* * 1 

2 

3 4 


NUN < 1 ) 


4 

HE AN 


l B* 4 



■ 


2 


3 

4 

1 

80,7*9 


it. §9* 


73.404 

1 Jl *D«* 




CO VN AT 


4 0 Y 4 



1 


2 


3 

4 

1 

M ,»U 


70** 


-J7.4J7 

-11 »*41 

2 

7.0** 


*•182 


1.3*1 

2*400 

3 

17,907 


1091 


18.1*4 

30*731 

N 

11 . §93 


2 • * DO 


30.7*2 

10.389 

>T1JG2 







TSJS2 

NO • 

9 

K • 1 

2 

3 9 


NUN II } 

■ 

9 

mean 


1 8 * 4 



1 


2 


3 

4 

1 121,150 


4 7 ,1*4 


84,875 

*9 • * 3 2 




COVNAT 


4 ft T H 



l 


2 


3 

4 

1 

70.811 


17.8*7 


-3*. 404 

-29.403 

2 

17,8*7 


1.774 


-*. 00 * 

•7* U l 

3 

1* , 904 


.9, no* 


28,552 

18*104 

9 

2».*03 


-7. Ml 


18.104 

14.1*7 

>T $ I fi 1 







T»lfl3 

NO ■ 

4 

< * 1 

2 

3 4 


NyN< 1 1 

■ 

4 

Hi A N 


1 IT u 



1 


2 


3 

4 

1 

87.750 


88,093 


135.112 

1 SO " 08 7 




COVNAT 


4 ft V 4 



l 


2 


3 

4 

1 

H * , * 5 4 


”■191 


**.8** 

57.027 

2 

*7.191 


1 1 1 >8) 3 


1 15. *7J 

70*7*! 

3 

**.i*4 


115*972 


141.8*0 

7* .*** 

4 

*7.027 


70,7*1 


7* , * A t 

54.379 

>T*r m 







T SIGN 

N 0 - 

4 

< « 1 

2 

3 4 


nun M j 

• 

4 

MEAN 


1 8 T 4 



• 


2 


3 

4 

i 

85,20* 


A8.7a2 


**.012 

l 4ft . 034 




COVN*t 


4 ft Y 4 



1 


2 


3 

4 

i 

11,90* 


*050 


• 7 | l 

-1 *0l« 

2 

*.050 


6,427 


3 , *25 

1*575 

3 

.713 


3, *25 


10,37 o 

5*975 

4 

-1 . 0 1 8 


1,575 


5. *75 

5-132 


>* 0 * 0 *e 

choose r r L E NU H ftE& r*o* i dr 2 a* c ho°se □ to »uj T . 
*0 

4 SIGNATURES HAVE §E£n rETrICvEO 


choose option from 


*eos i a 

PR0C5S B J I T 

14*5 16 

>P80CS5 


1C 0 ] 5 

4 NT 


l 2 

3 


h 


1 7. *3* 

2 I S 5 * j »* 

3 isa.o** 

t $4,1*8 


]NB,4*3 515, Q4fl 

**8{J0 1582,0^6 

4*0.34* 11.534 

M7H,*r2 J7J.070 


class synsOl 

1 a 

2 8 

3 C 

4 0 


ISO 

<*13 


4S»Srj4 

sm.ioi 

120*126 

*•396 


choose i*m< option fro* 

OEDStG PR0C5S BjlT lNpSIs 
>BJI I 

The OrTIOH nA*l1< REOuMED 9,92*0 5EC0N0S or CPU T1 he , 


*"718 A S T E P OPTION 04 TtP| A BLANK 
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I|N» 

Tr^t (is ir INPUTS MI C&MCcT. 

►US 

StL*C r InMtl OPTION frOm 

STATUS IhdNIT ThREsh Syh»Ol ALLCl* 

CckCLS SulSET BORDER JHSjDC I t I 

>STMIDL' 

T v f C THE STRlNt OP H IMAGE SYMBOL* D^SlREO. 

>CMS 

CLASS SYHfeOL AbCD 
I H Aft E SrHBOL CP*S 

type yes if Inputs are correct* 

►yes 

SELECT MAfiES OPTION FRO* 

ST A T g 5 IhuHIT TMHE 5 H SYMBOL AllCL* 

ECHCLS 5 u 6 5E T BORDER |NS|OE lnOUtT 

►STATUS 

ihitnit t h r v a l hinpi* JfJEld 

12 2 0 D & • 0 l OODOnOOoCO 

CLASS CLASS Image nun&ER 

VJMBER SYHSOl SYMBOL OF P]*El5 

1 A C Y5* 

2 ft P U* 

i c # jsQ 

NO s M* 


SELECT IHAQES OPTIdw Fro* 

STATUS I HUN | T THRESH SyH»Ol ALLClS 

echcls SUBSET border MSJOE imsuit 

►ALLtLt 

iNAfii fqr field t 

lUlli* *2*2222 2* HR M55555AAAftA*7JT7M88Bt 
OZSAftQ2HAB02R6Bo2SABo2H&«02 , i&*U2Y*802H6l[] 


A Op ccccccccccccccccccspppppppppppppppppppppp 
A 0 2 CCCCCCCCCCCCCCCCC5CPPPPPPPPPPPPPPPPPPPFPF 
40H CCCCCCCCCCCCCCCCCSCPPPPPPPPPPPPPPPPAPFPPP 
A 0 4 CCCCCCCCCCCCCCCCCCCPPFPPPPPPPPPPPPPPPPPPP 
A Oft CCCCCCCCCCCcCCCcCSPPPPPPPPPPPpPPPPPPPPP^P 
A 10 CCCCCCCCCCCCCCCCCSCPPPPPPPPPFPPPPPPPPPPPP 
412 CCCCCCCCCCCCCCCCCCCPAPPPPPPPPPPPPPPPPPPPP 
4 l H CCCCCCCCCCCCCCCCCSCPPPPPPPPPPPPPPPPPPPPPP 
416 CCCCCCCCCCCCCCCCCSCPPPPPPPPPPPPPPPPPPPPPP 
AM CCCCCCCCCCCCCC^CCSCPPPPPPPPPPPPPPPPPPPPPP 
42 0 CCCCCCCcCCCCCCCcCcCppPPpPPPPPP^PPppPPPPPP 
422 CCCCCCCCCCCCCCCCCCCPPPPPPPPPPPPPPPPPPPPPP 
4 2 R CCCCCCCCCCCCCCCCCC5PPPPP*PPPPPPPPPPPPPPPP 
424 CCCCCCCCCCCCCCCcCcS^pPPppPppPpPPPPPPPP^PP 
42« CCCCCCCCCCCCCCCCCcSPPFPpAPCPPpPPPppPPP^PC 


*iQ CCCCCCCCCCCCCCCCCCSPPPPOPPPPPPPPPPPPPPPPC 

412 ccccccccccccccccccscppppppppppppppppppppc 

411 CCCCCCCCCCCCCCCCCCCPPPPPPPPPPPPPPPPPPPPCP 


424 CCCCCCCCCCCCCCCCCCCPPPPPPPPPPPPPPPPPPPECP 
4>B CCCCCCCCCCCCCCCCCCSCPPPPPPPPPPFPPPCPPCCCC 
4*M> CCCCCCCCCCCCCCC CCCCPAPPMPPPPPPPPPCCPPCCRC 

4R2 cccceccccccccccccc5pppp»pppppp*isscccc*5p 

6«R CCCCCCCCCCCCCCCCCCSPP^PPPPPCCCCCPPPCCSCCS 

4*4 

AHI 4 *«««««« «**«*««*« *«S5S5515SS5|S5SSSSS5SS5 
6 S 0 «*PP*ARAA*RA*PA*A*aSSS5S1555SSSSS555555SS 


*52 A*l*<»M»*#l»##*#»»SSSSsSr»S5SS55SSS555SJ 

45 H ««#«A«#AN«l»««««4«S$SSs$SSSSsSSSsSSS5SSS 
454 Ri#»4R*lf*f*#P«i#»R»S5SSSSSS55lSS5SSS5SlSj 
All A A tMi*****t***t* R*«R5SSSSSSSS5SSSS5SSS55S 
440 IIIAIAAAIAAIAAIIA^MSISSSSSSSSSSSSSSISSSS 
44 2 it 4# M«P# 8 « «««*t*««SSSS*5SSS9SSS55S5S5$SS 
44 R ff ««««#**« APR «»**»»« ASS5SSSSSSSSS5SSS3S55S 
64 6 ARA*AAJ»J»AA«*Af#RR#<rR*5SS55S5S555SS55SSS5SS 
44b IAM*ljlf«Ml»««l*«««S$S$sSS)SSl>SSsS5SSSSS 

4 To miimmmimmo«assSsss5sS)s<s$ssssssss 

472 J)M««IAH««II«4A»I)*3SS3SST)SSSSSSSSSJSS)S 
47 R |»|«AMHIIAMIM«A5SSS$SSSSSSSSSS5ISSSSS 

4 7 4 4 ■ S55S5SS 5*55*1* JS*5S11S 

4 78 R84RR4RARRRA8RA4A.VRNSSSSSBSSSSSS5SSSSSSSS 
480 i«iiIIm«««Aii«mmSSSSSSS»S3S!SS3MS3SS 


select images OPTION FPOh 

statjs ihunm thresh syhb d l allcls 

Echcl* subset iordir much i m iu i r 

►INSIDE 
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1N*«C Pg* ACL CLACffS ffl* MELO 1 -fTn ONLY INSlor P r *EL5 P*>*T£p 


) I I I I 2*2223) 3)3414115 55554 4 66 *77777000000 
D2l**lJ24*»O2l**O2l60D2400[|2l4iO*140n2160O 


400 

402 

40< 

4D4 

40A 

410 
4 1 1 
4 11 
41* 

411 
420 
422 
424 
424 
424 
*)£> 
4)2 
4)1 
4)4 
4 1 i 

410 
442 

411 
446 


6 6 0 
462 
65l 


66 Q 

6*2 

644 

46ft 
64» 
47a 
6 7 2 
47s 
674 
6 7 1 
460 


ccccccccccccccccc 


CCCCCCCC 

£CCtCCC£ 

cccccccc 

cccccccc 

cccccccc 

cccccccc 

cccccccc 

CCCCCCCC 

cccccccc 

cccccccc 


CCCCCCCC 

cccccccc 

ccccccccc 

cccccccc 

cccccccc 

ccccccccc 

CCCCCCCC 

CCCCCCCC 

cccccccc 

CCCCCCCCC 


ccccccccccCccccccc 

ccccccteccccccccc 

ccccccccccccccccc 

CCCCCCCCCCCCCCCCC 

ccccccccccccccccc 

CCCCCCCCCCCCCCCCC 

CCCCCCCCCCCCCCCCCC 

CCCCCCCCCCCCCCCCCC 

CCCCCCCCCCCCCCCCC 


CCCCCCCCCCCCCCCCCC 

ccccccccccccccccc 






PPPPP PpPppp*Ppp P 

pppppp pppppppppppp 


c 


ppppppp 


S 5 

IIIIIIMillMlMMt SSSSS5555SS555SSSSS55 
IMIMIMIIMMM* 5SSS5SS5SS&5B5S5SS5SS 

SS96S16SIs55S5S5S515$ 

(MIIIMIIIItttMl 55SSS5SSSS5555S55555S 
AM#***.! 4 4* 6 4446*4 5SS555SSSSSSSSS3S5S5$ 
444444*44*4*4446*44 5SS5 5SSSsSSS555sSSSS 
*44*4*444 44 444*644 4 S S S 5 5 S S S S 5 5 I 5 5 9 5 5 5 5 5 
***6*6444*444**444 5S55S5S5S55SS555SSSSS 
44444444***4****4*4 SS55SS55SS5SSS5S5555 
*N *4 *4 444 4* 444* *4 *4 SS55555SSSS5555S5SS5 

44****4644*4*4*644 ^ S ! ! S S S S S S S S S 5 S S S 1 ! S 

*4*66**4****«**6*4 5S55S555S55S555S5SSSS 

**64**4444*4***644 555S5SS55SS5555S5513S 

4444**14**41644*66 55SS5SS5$SS55SS5555S5 

4444*4**4***6**646 SSSSSSSSSSSSSBSSSSSSS 
46«**464**« 44 44 6*44 S 5 5 5 5 S S S 5 * S 5 5 5 3 $ 5 S3 5 
« 4****46444 »«44 « 66 5 S 3 5 5 5 3 3 $ S * 5 5 S 5 3 5 5 If 5 


SELECT fH*6E5 OPTION FRO* 

S7ITj 9 tmjSIT THRESH 

*CHCtS SyfjSET B0»3C* 

> 60 * 0£1 


BTHrOl 

INSIDE 


ntcis 

1 waui r 


l**& e Pol *LL CL*S5 t S P 0 1 ri£LD l *lTM ONLY BOPOg* PRlNuo 

111 1 122 222 3)3)0 14 H1HSSS 556666677777666*84 

32H*8O2H60O246Bo2s6Pf3246BO246B32H60a2H40O 


6)0 

C*P 


602 

C 5 CP 


604 

C5CP 


604 

C C P 


60S 

CSP 


613 

CSCP 


612 

CCP 


61 H 

CSC* 


616 

CSCP 


41 S 

CSC* 


620 

cc* 


622 

CP 


421 

CSP 


426 

cs® 

p P 

621 

CSP 

PCP PC 

63p 

CSP 

p PC 

4)? 

CSCP 

PC 

6)4 

c* 

PCP 

6 3 4 

CP 

P PCCP 

A 3 Q 

CSCP 

pCPPC CC 

610 

CP 

PPPCCPPCC*C 

6 1 2 

CSP 

PPpS*5SCCCCS5* 

All 

CCCCCCCCCCCCCCCCCCSPPPP*44PCCCCCPPPCCSCC5 

616 


610 

*S 


6*0 

*s 


652 

45 


6&1 

AS 


65* 

4 S 


6 5 * 

*s 


660 

*1 


4*2 

45 


66 * 

*s 


6 6 6 

*s 


6*0 

4$ 


67 3 

45 


472 

45 


4 7 1 

• 5 


676 

4 S 


67b 

*s 


6 0 0 

45 


SElEcr 

t 1 * sE S OPTION TROi 



5 T 4 T j 5 
£ C1 ClS 

>Ichcls - 

iiuiir Thpesn 

subset bdidep 

SYP0OL 

INSIDE 

*IUCLS 

Haul 1 

| The ECHCLS suboption Is executed to display each class 

^separ&ieiy. 
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[N«6c P(J» fiet& 1 

won cl*ss c only 

11 | 1 t 2*2*il3JJJ«H<*‘m5SSS%<.i*A4'7Y7?8BBBB» 
O2N* 8 O2H**021*0Q2**l52*4*a2H*SU2 i *68D2‘l00O 


*00 CCCCCCCCCCCCCCCGCC 
*02 CCCCCCCCCCCCCCCCC c 
*01 CCCCCCCCCCCCCCCCC c 
*0* CCCCCCCCCCCCCCCCCCC 
SOB CCCCCCCCCCCCCCCCC 
*|Q CCCCCCCCCCCCCCCCC c 
*12 CCCCCCCCCCCCCCCCCCC 
*H CCCCCCCCCCCCCCCCC c 
6JA CCCCCCCCCCCCCCCCC c 
*11 CCCCCCCCCCCCCCCCC c 
*Z0 CCCCCCCCCCCCCCCCCCC 
*22 CCCCCCCCCCCCCCCCCCC 
*2* CCCCCCCCCCCCCCCGCC 
*2* CCCCCCCCCCCCCCCGCC 
*2* CCCCCCCCCCCCCCCGCC 
*10 CCCCCCCCCCCCCCCGCC 
*12 CCCCCCCCCCCCCCCGCC C 
*1N CCCCCCCCCCCCCCCCCCC 
*1* CCCCCCCCCCCCCCCCCCC 
*1» CCCCCCCCCCCCCCCGCC c 
6l0 CCCCCCCCCCCCCCCCCCC 
*12 CCCCCCCCCCCCCCCGCC 
*H CCCCCCCCCCCCCCCCCC 


*so 

6*2 

**i 

6*6 

*s« 

«*o 

6*2 

6*<t 

6*6 

6*0 

6?0 

fc?2 

6?p 

* 7 * 

* 7 * 

68a 


c c 

c 
c 
c 

cc 

c cccc 
cc cc c 
cccc 

CGcCC cc cc 


m*6C r 0 " rtCLD l 

rot CL*S 5 P O^LY 

l l llU2 2223a3J3HH«lH^65545666**7 777700081? 
a21*0O2 | l*0O21*0O2<460a2H60C]2M*sa2%6 0a;t*eQ 


600 

pppppppppppPpppppppppp 

602 


6 34 

pppppppppprPpppppppppp 

6 0* 

pppppppppppppppppppprp 

*00 

poppPpppppppPpppppppppp 

*10 

OPPPp»pppPpPPPpRPPPPPP 

*12 

Ppfppppppppppppppppppr 

6 1 H 

Pppppppppppppppppppppr 

61 6 

Pppppppp(*pp6pppppp»ppp 

A 1 a 

ppppppppppppppppppprrp 

*20 

Pppppppppppppppppppppr 

622 

ppp»p»ppppp*pppp»ppppp 

624 

ppppppppppprpppppppppp 

*2* 

pppppppppppppppppppppr 

620 

ppppppp ppppppppppppp 

*is 

Ppppppppppppppppppppp 

* 1 2 

pppppppppppppppppppp 

*>* 

pppppppppppfpppppppp f 

*36 

ppp pp p p p p p p p ppppppp p 

616 

Pppppppppppppp pp 

*10 

PPPPDPPPPPPPPP Pp 

* 1 2 

PPPPWPPPPPP 

*1 H 

PPPPPP&P ppp 

*1* 


*10 


660 


**2 


*s* 


*S* 


6*0 


6*0 


*62 


*Ah 


**« 


*60 


670 


672 


*7h 


67* 


*7a 


*•0 
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Itiftftt r rifLD l 

roe ClMI v Onlt 

I I I I I 22222*133 JR4HH*tS5&S44444 77 777MMAf 
02R|I C2H4*02R6eo2HiBD2R6Sa2R4|Q2H6A02<iAlD 


AOO 
A 02 
ADD 
A 0 4 
AOe 


A 1 H 

A I A 

*ie 
Aio 
A 2 i 
4 2 r 
A J A 
A2A 
AlO 
Al 2 
A 3 r 
436 
AH 


AlO 
AA 2 
6 Ah 

Ale 

A * 0 llllllfMlllllInttl 
A*2 iMlUMlIimoioi 
4 A R 
A A A 
AAb 
A 2 0 

472 
A 7 A 

A74 fll<lll|«l«*fM4i|| M 
A 7 A AffMIMMOf »*»#*««« 
AAd 


ih*&e '0' field J 
rae ei*55 s only 1 

ll|ll222223J3aiSHHHH55i5S666A477777Biaiai 
32 HAeaZMA« 02 H*e D 2 H*ftl 32*< <> 9 02 H 6 BD 2 i < 4 ea 2 AAt 0 


ADO 
632 
A Oh 

ADA 

ADA 
At 0 
All 
Ale 
A 1 A 
Ala 
4*0 
42 z 
62 h 
424 
A2A 
630 

A 3 2 


ASA 
4 Hq 
6*2 
*RH 
4*4 
A 4 a 
AAD 
A 52 
ASh 
4*4 
6 56 
A A 0 

A A 2 
a ah 
6*6 
A A 8 
670 
672 
A 7 m 
A 7 4 
A 7 A 
4*0 


5 


S 

S 


s 

4 

5 

5 

5 


S 

$ 

s 

s 


S s SS 3S 

5 5 5 

5S55SSSS5*SsSS5S5$S$f 
SSSSS55SSSS555SS5SS19S 
55555S$$55SSS5SSS$SS*S 
S5SS*55SS5SSS5$SS555S1 
555SSSSS51S5555555599I 
SSSS5555S555SfSSS5Sll5 
sssimsssssstsssssis 

5SS1S3S5S5SS55S$SS$S9 

S15S)S)SSSS1|S$)S)S»S 

SSSSSSSSSSSMSSSSSSSI 

5SS$55SSS$S55S55S5S5« 

55 SSs$sS 5 SsSS 5 S 5 SSS 55 $ 

S5SS'SS9993S$$SS53555S 

5SSS9395S5SS$S3SSSSS5$ 

555S3$9SSSSSS55SS555S$ 

S5S5jSS55S5iSSSSSSS«J 

5S9SSSSSSS5S5S9SSSISS 

5 $S$S 5 S 55 SsS 5 $SSSSSm 


M^tcr luAfitJ OpTl^y FI 0 - 
ITATjS InuNIT ThRES 

Icmcls iuiset ioroc 

> sua5et 


Input character f da print « nc 

>« «P 

The Ihacc sthaols m 

TtAE TfS IF inputs ARE c ORftf £ 


SVHrOl ALLCL5 

INSlOC iHQUtr 


h*<;E Sy^IOlS for Ci-*l5E3 In IUB9Ct« 
•ill R t PR | N TED *5 


The SUBSET 
subsets is X, 


suboption Is executed to display the 
All other subsets appear as blanks. 


7 


U and P 
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subset 

^tlMfCO AS X 
lHAfiE M FIELD J 


400 
*02 
4D«| 
404 

401 
*1 0 
412 
414 
414 
4 1 8 
*2d 

42| 

*24 
424 
420 
422 
4 24 
*34 
43b 
440 
*42 
444 
44* 
44| 
A&O 
6*2 
4*4 
4&* 
644 
640 
642 
444 
46* 
66* 
4>0 
4 fj 
6*4 

476 

47* 

4*0 


I 1 1 1 I 22222 ID J 344444 SB5t5*444*r??77fl«iftM 
QJ44IQ24 6iQ24 4«0 244 10 24*102 44 * D2 4*Bn24*lc 


J j ! s j t i ::: H 

UXItllXUltUKKlIUM 

xxxxmiMxxiixxixxux 


inxvii i xixxixxxxx iii x 

IXUHKIXXUXXIIXXXIXX 
* II Ml IX XI I (XlliaiXXXIX 


XIIXXZXXIXXIIXXXXXXXXK 
X I X 1 1 X X XA|XXX|XXX|Xft 


X X X x X I X X X X > A & X X X X K X X 
XXXXIIXUIXIXXXIXXI I 

XXXKXIIIlKHlIkHXI x 


xi x x mil ii ii n lx 
Kiiiiiiumiu ix x 

KXXXXIXXIXI 1 I 


yXXXXXXXXXXXXXXlKXK 
KXlXXRxKXKXKXXAXXxX 
XX XX XXXXXXX K K XX I K 1 | 

X X X X K X X X X X X X 2 I X X X X X 
XXKXXXXXlllIKIXXXxX 

X X XXI X X X X xxxxxxxxxx 

X X X X X K K K X X X ■ 1 1 X X X X X IX 

XKKXXXXKXXXXIXIXI JXX 
X X X X X X X X X X X X X X X X X x X 
uminuiaunm 
XlllXlXXXIlXXjlXXXxXX 
X X X X X I X 1 1 1 1 Z X 1 1 X X X X 
miiuumiiimi 
X X XX X I X X X X X X t K X I X 1 X 
X X X X X X X X X X X X X I X X X X. X 
x I X XI I X X X X X XXXXIXXX 
X J X X I ■ 1 X X X X X X 1 1 1 X x X X 
uuixnnmmixi 


SELECT | 44fif S OFT I 04 F*04 

STATUS I M J 4 ] T Tf*ESH STHa°L * L L C L 5 

CCHCL* SUBSET SQffOEfl ]4S]DE 14QU1! 

»SJ0SCT — ___ 

r «PU T C4*4*C IE <» 'Off .BINT * V 0 JnAGt Sy40CJ L B T 0« ft-ASSE^ Ik SUBSET. 
>0CS 

the Ihase sthoovs <s « r t l «e fbinteo ^ 

Tret r£S if inputs me correct. 

>TE1 


| Next the 5 UBSET 
and S subsets as 0. 


0 


suboption is executed to display the C 
All other subsets appear as blanks. 


subset c s 
painted as o 


J 4 A S£ fltLO > 


|||H22 222333J3 44 44HS&4S5AA*4}.777TTiB0iBT 
3246* 32H60D246Bo24A«o24*8 O 2'*4q 024*0024600 


603 
402 

604 
40* 
40B 
4)3 
412 
61 4 
6U 
410 
620 
422 
424 
*24 
42b 
420 
63 ? 
63t 
63* 
636 
44q 
4*2 

644 

44* 

645 
4(3 
6*2 
6*4 
6 5 6 
450 
6*0 
44 2 
444 
44* 
460 
4 7 o 
4?2 
474 
67* 
47* 
4ftQ 


OOOOOOOPOOOOPPOOOOO 

POOOOOODOOOOOOOoooO 

QOODOOOaOOOOODDOOoD 

OOOaDOoaODODDDOOOoO 

000003000000000030 

0000300000305000000 

OOOOODOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOQO 

OOOOOOOOOODODOOOOOD 

OOOOOOOOOOPOODOQOOO 

OOOOOODOOOOOOOOgOOO 

0000330000333030000 


3000033300003000300 
3 0 00 0 0 D D 0 0 0 3 30000 00 0 

ODOOOQOOOOOOOPOOOOO 

OOOOOODOOOOOOOOOQoOn 

OOOOODOOOOOOflOOOOoO 

0000000000030000000 

ooooooooooooaoooooon 


0 


Q 

0 

0 

0 

00 

oooo 


QOD000OOOO03D0000d 0 
POOOOOOODOOOPOOoOoO 
00 000000 OOOO 000 oo DO 


00 00 o 

o 00000000 

oonOo aooooo 

0003000000000000000000 


oooooDOOoa&Qooaoaooooo 

oooaaooooooooooooooooo 

ooooooooooooooeooooooo 

OObODOOOOOoOOOO'OOOODOO 

OOOOOOOOOOOOOOOOOOOOOO 

o oooooooooo oooo oo oooo 

OOOOOOOCOOOOOOOOOOOOD 

OOOO 0 OOOOO 5 OOODOOOOOOO 

OOOOOOOOOOOOOOOOOOOOO 


OOOOOODOOpOOOOOOOOOOO 

ogoopooooooooooooooooo 

00000 0 OOOO 0 0 oo 0 OOOO 000 
QOOOoOOOQDaOOOOOOOOOOO 
OOOOoDOOOOOOOOOOOOODDfl 
OOOOODDOOOOOOOOOOOOOOO 
OOOOOOOOOoOOOOOOOOOOO 
ODOOdOOOOOdODOQOOOOOOO 
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SFlCct i unfits OPTlou MOM 

STlTyS IWV>NIT TmrEbH 

ECMClS SUBSET BO«OCB 

> 1 H Q U ] T 

thc option iwa&es reouireo 


5 rHa°L AiLCLS 

INSIDE iNDulf 

7 * i Jo* stcQMos or ct u Tim, 


EnTER aster option or 
»UN]T$ 


Type * olani 


— j The UNITS option is called to change the unit numbers. 


units option 


N 

• 

Oi 

*CND 



S]MJN| T 



In&JNT 

■ 

M2 

OaTJNT 

m 

*20 

0B5UNT 

w 

*7 

isififl 

m 


1 4 I <*F2 

• 

• 2 

inisf j 

<1 

*10 

1 H 1 S Fj 

■ 

*11 

INSI 

■ 

♦ 3 

I N 0 2 

• 

♦12 

OBI 1 

« 

♦ a 

• ENO 



choose 

OPTION FROM 


cycle 

CHANSE DutT 





*1 HjNl T 

IHGJNT »D«TuMT 

<QaSj 

> « 1 NII>( IT | N 6 U N T ■ V * 


* I N JN | T 



I n&jNt 


• * 

DAT JNT 


♦20 

OrSuNT 


♦ 7 

ISJsFl 


♦ 1 

I S 1 G F 2 


♦ 2 

i m sn 


MO 

I H I S F 2 


♦1 1 

1 H 6 1 


♦ J 

MG? 


M2 

305 1 


• a 

•END 



Type rES if inputs d< 


Mr 5 



ThE option units a E D u i re o 


J The CHANGE suboption is called to reset the next avail- 
able image unit nuinber to 9. 


. 0*0 seconds or cpu Tint* 


Enter astep option or type a »hn< 

> d r p i m g — 


oimn6 option 


The DlflNG option is called to generate an image of the 
difference between the Images on units 3 and 12. The generated 
image will he placed on unit 9. A comparison Of the images to 
be differenced indicates the appropriate equivalence lists to 
be input to 0IF1HG. 


Input 

EDj I VALENCE 

lists 

> 4 A 




>BB 




>CC 




>DD 

> 




class 

SyNBOL size 

1 

A 


D 

2 

ft 


IN 

J 

c 

1 6*7 

class 

A ARC 

THOSE 

fuels , 

class 

a are 

those 

fuels I 

class 

c ARC 

those 

PIXELS 1 


It is noted that 14 pixels are different between the 
images and 1667 pixels are the same. 


the option dIfing Rtqumo 


«5Hn9 SECONDS DF CPU *1*1* 


enter astep dption dr type 
*1 1 4 fi E 5 

a Slant 

I*a«eS 

option 


The IMAGES option is called to display the results of 
the 0IF1MG option, The SYMBOL suboption is used to define 
image symbols such that only pixels different between the 
images are displayed. 


SELECT |nA(ES optjpn from 

status InuNIT thresh 5 tnb°l ALLCLS 

fCNCLS SUBSET BORDER JNSjDE IHQUIT 

xTHRCsm 

•TNTHRE ThRVAj .1 Nl NFI if 1 eld 

> «]NTH«t{ T NR V * i ■ J * 

*1 NTNRf 

T H* V A^ m . 1 OOQOOOO£»OJ 

NJNPU ■ ♦] 

♦0* 

* 0 , 


«MCU> • 


*0» 
♦Q * 
♦ 0 . 


*0 f 

♦0. 

*0 


♦ 0» 
♦ Oi 
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*f ND 

YES IF INPUTS ARC COMEcT* 

SEilcT l*A6CS OPTION FROM 

STlTjl tHJNlT f HKC 5H STHfiOl A|_LClS 

CchclS sgiscr border inside imqujt 

>5*1*01 

Trft T Hf JMlNfi OF ) |U([ SrNftOLS O^HrED* 

>ID 

CLASS STHSOL A«C 

IhACE SynIOL 10 

TyfC rf« if inputs m[ correct. 

> tE 5 


5fLtc T lN*«CS OpTIpN FRO*, 

STATUS IdUMlT ThRCSH 

t C NC L 5 SUBSET BORDER 


»STATuS 

IuyNlT TNRg*L MNpl* lflt|.D 


SYNfiOL 

INSIOE 


l 

*0 1 

0 

0 0 o 0 

CLASS 

CLASS 

InAGE 

NUMBER 

nuhber 

sthbol 

SyNBOv 

OF FIIClS 

1 

A 

| 

0 

I 

B 

0 


1 

c 


1 66 7 


allcls 

r n«u i t 


a P a o 0 


SILENT IhAQES OPTION FRO* 

STATU* INJNIT ThtESH SYHa a l ALLCL* 

CcwCiS SuSSET BORDER INSIDE INQUH 

»*LlCuS 


[HA6 t r 3 R FjCLO l 


l i l | 1 Z22?mn J'tR'I'tSlSSt *64**' ’ 77 7* *M6t 
3ZN*0a2HABQ2'*fcB O 2H6B a 2N4SD2'*A6a2Nfc8Q2'*ifiQ 


(Or) 
A3? 
631 
636 
*00 
AlO 
A l 2 
SIN 
61 6 
6 l B 

6za 
622 
6 2 N 
626 
*28 
6J 0 
*S2 
6 In 
4,26 
63* 


P 

0 


D 

0 


D 


P 


6Nfl 
*12 
6*U 
6 H 6 
6 H0 
6*0 
6*2 
6Sn 
6 S 6 
6 * B 
6 6 Q 
6 6? 
6 6 N 
666 
668 
6?3 
672 
6 7 N 
676 

676 

6*0 


0 P 
0 


0 


0 


seiEcT in*ges option fro* 

status inunit thresh syhbo l allCls 

E C N C L S SUBSET BORDER JNS|OE |HQUjT 

> 1 N DU J T 

THE Option images required .to?* seconds of cpu tihe. 


Enter *ste, option 3 r t y ,e a BL an, 

PQJI? -* 1 


UUIT 0®TION 


The QUIT option returns control to the operating 
system. The input @FIN terminates the input stream begun 
by the @RUN input. 


TnE options In ThIs RUN rEqjIne-j I *S • s ] B 2 SECONDS of CFU TINS* 


At the termination of an execution, the total CPU time 
required by all options in the run is printed. 


ne 
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